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stations. In the first case we shoald take into consideration the position of the 
▼arioos towns and other inhabited districts situated near the intended road, and its 
course would be, to a certain extent, controlled thereby ; while, in the second case, 
we should simply examine the physical character of the country, and base all our 
proceedings on the result. 

Whicherer of these two cases, however, may have to be dealt with, in the ultimate 
selection and adoption of the line of road between these points which are fixed by 
other circumstances, the same careful examination of the physical character of the 
country should be made, and the same principles should control the choice. 

In examining almost any tract of country, one of the first points which must 
attract our notice is the unevenness or undulation of its sur&oe ; but if we extend 
our obserration a little further, we shall perceive, even in the most apparently 
irregular countries, the same general principle of conformation. We shall find the 
country intersected in Tarious directions by rivers decreasing in size as they leave 
their point of discharge ; from these main rivers we shall find lesser ones branching 
off on both sides, and running right and left through the country, lind from these 
again still smaller streams and brooks ; furthermore we shall find the ground filling 
in every direction towards these natural watercourses, forming a ridge, more or less 
. elevated, running between them, and separating from each other the districts drained 
by each separate stream. 

In all cases it should be the first business of a person, engaged in laying down a 
line of road, to make himself thoroughly acquainted with all these features of the 
country : he should possess himself of a plan or map, shewing accurately the course 
of all the rivers and principal watercourses, and upon this he should further mark 
the lines of greatest elevation, or the ridges separating the several valleys through 
which they flow ; it would also be of peculiar service if the plan contained contour 
lines shewing the comparative levels of any two points, and the rates of declivity of 
every portion of the country's surfiftce. The system of shewing upon plans the levels 
of the ground by means of contour line* is one of much utility, not only in the 
■election of roads and all other lines of communication, but in the drainage of 
towns as well as their supply with water, in the drainage and irrigation of lands, and 
for almost all purposes.* 

The annexed plan (fig. 2) shews an imaginary tract of country, to illustrate more 
clearly the mode of shewing by means of contour lines the physical features which 
may belong to it. The hatched line, ■ t o H i, is supposed to be the elevated ridge, 
encircling the valley shewn in the plan ; the fine black lines are contour lines, 
indicating that the ground over which they pass is at the altitude above some known 
mark expressed by the figures placed against them in the margin ; and it will be 
observed that these lines, by their greater or less distance, produce the effect of 
shading, and make apparent to the eye, at one view, the undulations and irregu- 
larities in the surfiM» of the country. 

In laying out a line of road there are three cases which may occur, and each of 
these is exemplified in the plan (fig. 2) ; first, the two places to be connected may be 
both situated in the same valley, and upon the same side of it, that is, not separated 
from each other by the main stream which drains the valley, as the towns A and b on 
the plan, and this is the simplest case which can occur ; secondly, although both in 
the same valley, they may be on opposite sides of the valley, as ▲ and o, being 
separated by the main river ; thirdly, they may be situated in different valleys, so as 
to be separated by an intervening ridge of ground more or less elevated, as ▲ and d. 

• See articlo * Contouring,' voL L 
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afterwards to lay down the general principles which shonld determine onr ohoioe of 
them. 

Before doing so, however, we shonld perhaps observe, alihongh it mnst be almost 
obvious to all, that the most perfect condition of a road is that in which its conrse is 
perfectly straight and its snrfaoe perfectly level ; and that, all other things being the 
same, that is the host road which approaches nearest to this state. 

Now, in the first case supposed (that of two towns situated on the same side of the 
main valley), there are two methods which might be pnrsned in forming a commnni- 
cation between them : we might either make a road following the direct line between 
them, shewn by the thick dotted line i b, or we might adopt a line which shonld 
gradually and equally ineline £rom one town to the other, supposing them to be at a 
different level, or if at the same, keeping at that level throughout its entire course, 
and following all the sinuosities and curves which the irregular formation of the 
country might render necessary for the fulfilment of these conditions. And in the 
first method (that of a direct line between the two places), we might either form a 
level or equally-inclined road from one to the other, forming embankments and 
euttings where necessary to attain these objects, or we might avoid these expensive 
works and make the surface of the road conform to that of the country. Now, of all 
these the best is tiie straight and equally-inclined (or level, as the case may be) road, 
although at the same time it is the most expensive ; and if the importance of the 
traffic pasfling between the places is not sufficient to warrant so great an outlay, it will 
then become a matter of consideration whether the course of the road should be kept 
straight, its surface being made to undulate with the natural face of the country, 
or whether, a level or equally-inclined line being taken for its surface, the course of 
the road should be made to deviate from the direct line, and follow the winding 
course which such a condition is supposed to necessitate. 

In the seeond case, that of two places situated on opposite sides of the same valley, 
we have in like manner the choice of a perfectly straight line to connect them, which 
would probably require a heavy embankment if the road were kept level, or steep 
inclines if it followed the surface of the country ; or we may, by winding the road, 
carry it across the valley at a higher point, where, if the level road were taken, the 
embankment would not be so high, or, if kept on the surface, the inclination would 
be reduced. 

In the third case^ we have in like manner the alternative of carrying the road 
across the intervening ridge in a perfectly straight line, or of deviating to the right 
or left and crossing at a point where the ridge is less elevated. 

In all these cases, the proper determination of the question which of these courses 
is the best under certain circumstances, involves one of the most difficult points to 
solve, which is, the comparative advantages and disadvantages of inclines and curves ; 
that is, what additional increase in the length of a road would be equivalent to a 
given inclined plane upon it, or conversely, what inclination might be given to a road 
as an equivalent to a given decrease in its length. In order to a correct solution of 
these questions, it is requisite that we should know the comparative force required to 
draw diflbrent vehicles with given loads upon level and variously inclined roads. We 
shall, therefore, before proceeding further, investigate this subject, and shew the 
manner in which we may determine the tractive force required upon roads of any 
given inclination. 

It has been attempted to investigate mathematically the resistances which oppose 
themselves to the motion of various descriptions of vehicles drawn along horizontal 
roads, whose surfaces were formed of different materials and in different states of 
smoothness. No satisfactory result^ however, has been obtained, because we are 
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IpMfSDt «f tLt dktt vLidi KRr ff iiT'iiTj nqujCie Vt eaaikut vi t? airre ai a eonvci 
««6lu«kjflL. Wt hlx'jiA, ijr hatLUt^ k&c'v lirf: rtaslrt Maamurtm of nmmaaot oecB- 
mmnfd bj » v^uwd drftva ikl-jn^ a iiari iab>>ili nai, sas^ at a g:«od Baeadajaiaad rad 
0ry liard Uiai t^ whuA «ab luake no apfneoaUe miimma-M -apcm h ; vpaa tke aaae 
ruid vies xMrv} J or/rend vhb irt<Aea, and i4«si ibe {akb^ cf tLe vbed cf<B- thf 
umAtitM il*«M ato&ety la a pealcr «r les degree ; cpoa a graTd road tbe wahat o£ 
vludL is tf^ 90 ihax tLe whtuA in iu paaafe snki i&to tLe road and formf a rot ; 
•|wn a flttlbr mad eoreitd vith gianea vhidi are partiallT croikad and partzallj 
tannd dTVD istA tlie »>ft nad bj the vheel paoin^ orer tben ; or wpam a abate 
fan— at, aodb a« is ooouaoD in the ftzwts of tovns, kid vith mare or lea Rgalazityy 
and in ytjma^ f/rtr vLieb the Rautaaw is felt in jerk% as the ahwi s boond irom. 
t(Un^ Uf irtone. Man j other eases aught be mentiooad, in vhi^ ve ahoald be eqoaD j 
at alow Id aangn a odrreei valae to the reaistanee vhid would be ezperienoad bj a 
CUTia^e dfavii akog the partienkr description of road saf^Maed. Ahhoogib, there- 
Inn^ soaoe <A the attemfrta wbidi bare thus been made hare been rerj ingeniooa, and 
hare sbevn the maibematieal skill of the inrestigaior, they hare done little besides, 
and w*m\d be oot of pla^e in the present aitide. In eases of this deseripdon, the 
best pFBctical method of proeeeding is by experiments suffidently eaiefol and exten< 
fire to detennine the amoont of reaistanee, in each particalar ease, from vbidi we 
may then determine an empirical formula or role, wbidi will enable as to generalise 
the rcsolta of onr experiments^ and apply them with sufficient aecnracy for practical 
pnrposes Ut anj particalar ease. 

The following are the general results of the experiments made by H. ICorin upon 
this soljeet, at the expense of the French Qoremment : — 

1st, The traction is directly proportional to the lead, and inTenely proportional to 
the diameter of the wheel. 

2nd. Upon a pared or hard macadamiifd road the resistance is independent of the 
width of the tire, when it exceeds from three to four inches. 

3rd. At a walking pace the traction is the same, under the same eireomstanoes, for 
earriages with spriDgs and without them. 

4th. UjKiD bard macadamized and upon pared roads the traction increases with 
iha relocity ; the increments of traction being directly proportional to the increments 
of relocity abore the relocity 8*28 feet per second, or about 2| miles per hour. The 
equal increment of traction thus due to each equal increment of relocity is less as the 
road is more sm^Mtb, and the carriage less rigid or better hung. 

5tb. Uprm nfifi roads of earth, or sand or turf^ or roads fresh and thickly grarelled, 
the traction in independent of the relocity. 

0th. Upon a well* made and compact parement of hewn stones, the traction at a 
walking pace is not more than three-fourtbs of that upon the best macadamised roads 
under similar circumstances : at a trotting pace it is equal to it. 

7tb. The deHtmction of the road is in all cases greater as the diameters of the 
wheels arc less, and it is greater in carriages without than with springs. 

The next experiments which we shall quote are those of Sir John Macneill,* made 
witli an instrument invented by him for the purpose of measuring the tractive force 
required on difTeront descriptions of road, under various circumstances. The general 
results which he obtained are given in the following Table, the numbers in which 
exhibit the tractive furoo requisite to move a weight of a ton, under ordinary eireom- 
stanoes, at a vory low velocity upon the sererol kinds of road mentioned. 



• tiir II. runioU oil Roada, p. 73. 
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Description of Koad. 



On a well-made pavement 

On a road made with 6 inches of broken stone of great hardness, 
laid either on a foundation of large stones, set in the form 
of a parement, or upon a bottoming of concrete 

On an old flint road, or a road made with a thick coating of 

broken stone, laid on earth 

I On a road made with a thick coating of gravel, laid on earth . 



Foi*oe, in 
lbs., re- 
quired to 
move a ton, 




Sir John MacneiU has also given the following arbitrary formulas for calculating 
the resistance to traction on various kinds of roads : they have been deduced from a 
considerable number of experiments made on the different kinds of road specified 
below, with carriages moving at various velocities. Putting B for the force required 
to move the carriage, W the weight of the carriage, w that of the load, all expressed 
in lbs., V the velocity in feet per second, and c a constant number, which depends 
upon the surface over which the carriage is drawn, and the val«e of which for several 
different kinds of road is as follows — 

On a timber surface c=2 

On a paved road ,,2 

On a well-made broken stone road, in a dry clean state ... ,,5 

On a well-made broken stone road, covered with dust ... ,,8 

On a well-made broken stone road, wet and muddy . . . . ,,10 

On a gravel or flint road, in a dry clean state ...... ,,18 

On a gravel or flint road, in a wet muddy state „ 82 

we have^ in the case of a common stage waggon, 

= + — + cv: (1.) 

93 40 ^ ^ 

and in the case of a stage coach, 

E=!LL!f+Jl + ct;; (2.) 

100 40 

These formula, being reduced to verbal rules for the convenience of those not con* 
versant with algebraical expressions, are as follows : 

"BLxtlm. — Divide the weight of the carriage when loaded, in lbs., by 98 if a waggon, 
or 100 if a coach, and to the quotient add ^th of the weight of the load only ; the 
sum, added to the velocity in feet per second, multiplied by the proper number taken 
tmrn the above Table for the particular kind of road, will give the force in flbc 
required to draw the carriage at the given velocity upon that description of road. 

For example : what force would be requisite to move a stage coach weighing 
2060 lbs., and having a load of 1100 Ibe., at a velocity of 9 feet per second, along a 
broken stone road covered with dust f 

Here we have 

2060 + 1100^1100.0 ft 101.1 «^ i- Au r --^1 
+ + 8x9 = 131*1 lbs. for the force required. 

100 40 

We next pass on to consider the additional resistance which is occasioned when 
ihe road, instead of being level, is inclined in a greater or less degree. In order to 
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Fig. 3. 



simplify the question, let as suppose the vhole weight to be supported on one pair 
of wheels, and that the tractive force is applied in a direction parallel to the surface 
of the road. On this supposition let A B (fig. 3) represent a portion of an inclined 

road, being a carriage just sustained in its poui- 
tion by a force acting in the direction o D : now it 
is evident that the carriage is kept in its position 
by three forces ; namely, by its own weight (equal 
w) acting in the yertical direction of, by the 
force (equal f) applied in the direction o d parallel 
to the . surface of the road, and by the pressure 
(equal p) which the carriage exerts against the 
sur&ce of the road acting in the direction os, 
perpendicular to the same. To determine the 
Telative magnitude of these three forces, draw the horizontal line a a, and the vertical 
one B o ; then, since the two lines o f and b g are parallel, and are both cut by the 
line A B, they must make the two angles c f b and A b a equal ; also the two angles 
■ F and A o B are equal, being both right angles ; therefore the remaining angles 
fob and bag are %qual, and the two triangles o F i and a b o are similar. 
And as the three sides of the former are proportional to the three forces by which 
the carriage is sustained, so also are the three sides of the latter, namely, a b, or the 
length of the road is proportional to w, or the weight of the carriage, b a, or the 
▼ertical rise in the same to f, or the force required to sustain the carriage on the 
incline, and a o or the horizontal distance in which this rise occurs to f, or the force 
with which the carriage presses upon the snHuce of the road. 




We have, therefore. 



W : A B : : P : G B, 
and W : AB : :P : AG. 



And if we make A o snch a length that the vertical rise of the road is exactly 1 foot, 
we shall have 



F = 



W 



W 



A B '^A G2 + i 



W . sin i8 (3.) 



.nd P^ W. A G ^W^.q_^ w. cos i3 . . . . (4.) 
AB VaG^ + 1 

in which fi is the angle bag. 

These formulae reduced to verbal rules are as follows : 

To find the force requhite to tustain a carriage upon an inclined road (the effecU 
of fricti(m Icing neglected), divide the weight of the carriage, including its load, by 
the inclined length of the road, the vertical rise of which is 1 foot> and the quotient 
is the force required. 

To find the pressure of a carriage against the surface of an inclined road, 
multiply the weight of the loaded carriage by the horizontal length of the road, and 
divide the product by the inclined length of the same ; the quotient is the pressure 

required 

JSaram;)^.— What is the force required to sustain a carriage weighing 8270 lbs. 
upon a road the incUnation of which is 1 in 30, and what is the pressure of the 
same upon the surface of the road ? 

Hei-e the horizontal length of the road (A G) being 30, the inclined length 
{AB=V A(jH + 1) is 80017, and we have, by the first rule, 8270-7-30 017= 
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108*93 lbs. for the force required to sustain the c&rriage on the road ; and, by the 
second role,' (3270 x 30) -f- 30*017 - 8269*9 lbs. for the pressnie of the carriage 
upon the snr&ce of the road. 

Since the pressure of a carriage on a sloping road is found by multiplying its 
veight by the horizontal length of the road and dividing by the inclined length, and 
as the former is always less than the hitter, it follows that the force with which a 
carriage bears upon an inclined road is less than its actual weight, as will be seen in 
the foregoing example, in which it is about 2 lbs. less : unless, however, the inclina- 
tion b very steep, it is not necessary to calculate the pressure, which may be assumed 
to be equal to the weight of the carriage. 

If B expresses the resistance which has to be overcome in moving any particular 
carriage at a given rate upon a horizontal road, then B + F will be the resistance 
upon ascending a hill, and B— F upon descending a hill, with the same velocity, in 
both cases neglecting the decrease in the weight of the carriage produced by the 
inclination of the road. Taking, however, this decrease into consideration, the 
following modification in the formuls9 (1) and (2) will be requisite to adapt them to 
an inclined road — 

R=/^?-t— +-'\ cos/3 I (W + w). siniS + cr . . (6) 
\ 93 40/* 

in the case of a common stage waggon, and in that of a stage coach, 

B=/^?L±J^ 2? Vcosi8"(W + w). sin/3 + cv . . (6) 
V 100 + 40 / 

the upper sign being taken when the vehicle is drawn down the incline, and the 
lower when it is drawn up the same. 

Neglecting the decrease in the weight of the carriage, in order to ascertain the 
resistance in passing up or down a hill, we have only to calculate by the rule already 
given at page 305, the resistance on a level road, to which, if the carriage ascends the 
hill, we must add, or if it descends, subtract, the force requisite to sustain the carriage 
on the inclined road, calculated by the rule already given : the sum or difference, as 
the case may be, will express the resistance required. 

As an example, let us take, as before, the case of a stage coach weighing 2060 lbs.* 
besides a load of 1100 lbs., and having to be moved at a velocity of 9 feet per second, 
along a broken stone road whose surface is covered with dust» and inclined at the 
rate of 1 in 80. 

Then the force to sustain the coach on this slope will be 

52.^?= 105-3 lbs. ; 
30 

which, added to the force already found at page 805 as being requisite to move the 
same coach on a level road, will be (105*3 + 131*1 = ) 236*4 lbs. for the force 
required to move the coach with a velocity of 9 feet per second up an inclination of 
1 in 30 ; and subtracted from the same, will be (131*1—105*3 = ) 25*8 lbs., the force 
required to move the coach with the same velocity down the same inclination. 
The same example worked by formula (6) will give 

/2060_+_1100\ .ggj^g ^ ^2060 + 1100) '0333 +8x9 = 236*3 lbs. 

when the carriage is drawn up the incline, and 

/2060 + llOOj .j)995_(2060 + 1100) '0333 + 8x9 = 25*84 lbs. 
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when the carriage is drawn down the incline, the result being the same as that giren 
hj the rale. 

The following Table has been calculated in order to shew with sufficient exactness 
for most practical purposes the force required to draw carriages over inclined roads, 
and the comparative advantage of such roads and those which are perfectly lereL 
The first column expresses the rate of inclination, and the second the equivalent 
angle ; the two next columns contain the force requisite to draw a common stage 
waggon weighing with its load 6 tons, at a velocity of 4 '4 feet per second (or 3 miles 
per hour) aloDg a macadamized road in its usual state, both when the hill ascends 
and when it descends ; the fifth and sixth columns contain the length of level road 
which would be equivalent to a mile in length of the inclined road, that is, the length 
which would require the same mechanical force to be exx)ended in drawing the 
waggon over it as wonld be necessary to draw it over a mile of the inclined road. 
The four next columns contain the same information as the four last described, only 
with reference to a stage coach supposed to weigh with its load 3 tons, and to travel 
at the rate of 8*8 feet per second, or 6 miles per hour. 

The Table may be also considered as affording a view of the comparative 
disadvantage of hilly roads with light and heavy traffic ; the stage waggon, weighing 
6 tons and travelling at the speed of 3 miles per hour, may be taken as a fair average 
for goods traffic, and the stage coach, weighing 3 tons and running 6 miles an hour, 
for passenger traffic. From the Table we perceive that hills act much more 
unfavourably on the former than on the latter. The force which would be requisite 
to move the waggon on a level road would be 264 Rm., and that to move the coach 
862 lbs., being an excess of 98 fba. or the traction of the coach; but with a road 
inclined at the rate of 1 in 600, this excess is only (373 — 286 = ) 87 lbs., and when 
the inclination of the road amounts to about 1 in 70 the forces required t<f draw them 
become equal : as the inclination of the road increases beyond this, the excess of the 
force requisite to draw the waggon over that necessary to move the coach increases 
rapidly (as will be seen in the Table), until, at an inclination of 1 in 7, it amounts to 
(2162-1308 = ) 864 lbs. 

If we compare the forces required to draw either the waggon or coach up and down 
any given incline, we shall find that the former is as much greater than the force 
required on a level road as the latter is less than the same : it might thence be 
concluded that in the case of a vehicle passing alternately along the road, no real loss 
would be occasioned by the inclination of the road, since as much power would be 
gained in the descent of the hill as was lost in its ascent. Such is not, however, 
practically the f&ci, for while the inclinations of the road render it necessary in the 
ascending journey to have either a greater number or more powerful horses than would 
be requisite if the road were entirely level, no corresponding reduction can be made in 
the descending journey ; we must still have horses sufficient to draw the vehicle along 
the level portions of the road ; nor will (generally speaking) the horses have less to do 
in descending the hill, since they have frequently to push back, to prevent the speed 
of the coach becoming accelerated beyond the bounds of safety. 

In a practical point of view, therefore, we may consider that the fifth and ninth 
columns in the following Table express the length of level road which would be 
equivalent to a mile of road with the stated inclination, the former giving the result 
for heavy traffic, and the latter for passenger traffic. Opposite 1 in 75, we find in 
the ninth column 1 '247 mile, or nearly a mile and a quarter, stated as the length of 
a road having that inclination which would be equivalent to one mile of a similar 
road perfectly kvel, because the same force would be requisite to move a coach 
and load of 3 tons at a velocity of 6 miles per hour along one as along the other. 
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838 ROADS. 

Alihongh, however, they might be considered equal as f ar aa the power requisite for 
traction was concerned, in other respects one might be more advantageous than the 
other ; as, for instance, the shorter road would cost least for repairing, and would 
occupy least time in being passed over. The Table, therefore, merely expresses the 
equivalent length as far as the mechanical power required for the traction is 
concerned ; the relative merits in other respects dcijendiug generally upon so many 
various circumstances as to render it quite impossible to lay down any specific rules 
for their determination. 

We shall now return to the subject of the selection of route, and proceed to explain 
the course which should be pursued to obtain the requisite data, to enable a correct 
determination to be arrived at. 

In laying out a new line of road, the first proceeding is usually, after a general 
examination of the country, to lay down upon the best map which can be procured 
one or more lines, for the purpose of being more carefully examined. If possessed 
of a contour map of the district, such as we have described, this proceeding will be 
greatly facilitated ; we shall, however, suppose that such is not the case, since there 
are very few instances in which a road-maker would be likely to find such a plan for 
his use. His next proceeding should be, to make an accurate survey of the lands 
through which the several lines that he has sketched out pass, which should be 
afterwards plotted, or laid down to such a scale as will allow the smallest features to 
be shewn with sufficient accuracy and distinctness : a scale of 10 chains to the inch 
for the oi>en country, with enlarged plans of towns and villages upon a scale of 8 
chiuns to the inch, will' generally be found sufficient. Careful levels should also be 
taken along the course of each line, and at certain distances (depending upon the 
nature of the country) lines of levels should be taken at right angles with the original 
line. In taking these levels the heights of all existing roads, rivers, streams, or 
canals, should be noted, and bench marks should be left at least every half mile, that 
is, marks made on any fixed object, such as a gate-post, or the siuj of a house or 
bam, &c., the exact height of which is ascertained, and registered in the level-book, 
so that, in case of a deviation being made in any portion of the line, the levels of 
that part may be taken without the necessity of again going over the other parts of 
the line. A section should be formed from these levels, having the same horizontal 
scale as the general plan, and such a vertical scale as will shew with distinctness the 
inequalities of the ground : if the horizontal scale is 10 chains to the inch^ the 
vertical scale may be 20 feet to the inch. 

Fig. 4 (p. 312) is supposed to be such a plan as we have described, plotted on a scale 
of 10 chains to the inch, and shewing a district through which it is wished to form 
a road : we have shewn one line running nearly straight across the plan, and a 
deviation therefrom, which, although longer, would run on more favourable ground. 
Figs. 5 and 6 (pp. 313, 314) are sections shewing the levels of the surface, the former 
on the straight line, aud the latter on the deviation from it. We have shewn in 
these sections and on the plan the information which will be requisite in enabling the 
Engineer to lay down the course of the road, and to arrange the position and dimen- 
sions of the various culverts, bridges, and other works belonging to the same. 

By reference to these drawings, it will be seen (fig. 4} that the straight line has 
to cross a stream at b, and the river twice at o and d ; and also that it must pass 
from B to E, over a swamp or morass of such a nature that, if a solid embankment is 
formed, it is probable that a very large quantity of groimd will be absorbed beyond 
what the section would indicate ; added to which, from the river being liable to be 
flooded, it will be necessary to form bridges with several capacious openings at those 
points where the intended road crosses the river. These disadvantages attending the 
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more olmons roato wovHd indaoe the EBgineer to Bketcb out some other line, by 
vhioh ihey woald be avoided* And he would then haye the levels taken, and the 
Tequisite infonnation, to enable him to ohooee between the two. 

The manner in which the sections should be drawn, and the information to be 
giren npon them, are shewn in figs. 5 and 6. In addition to which the following 
data should be obtained, and entered either in the surrey field-book or in the level- 
book. 

At the point B (fig. 4) the line crosses a stream 8 feet in width and 1 foot deep ; 
in flood ibis stream brings down a considerable quantity of water. 

At the point o on the section the river is much narrower and not so deep as at 
other places, in consequence of a great portion of its waters finding a passage through 
the marshy ground on either side. Its width is 16 feet ; and its depth 2 feet ; the 
velocity of its current is 96 feet per minute ; the height of its sur&ce at the present 
time b 30*10 feet above the datum ; and the angle of skew which the course of the 
stream makes with the line of the road is 62 degrees. 

At the point d the river is 27 feet wide, and 2 4 feet in depth ; its velocity 87 feet 
per minute ; the height of its surface above the datum 29 *96 feet ; and the angle of 
skew 49 degrees. 

The ground from B to ■ is of a very soft boggy nature and fall of water. 

The height to which the river has risen during the highest flood known, at the 
bridge at v on the plan, is 85 feet above the datum ; the waterway at that time was 
90 feet, and the sectional area of the openings through which the water then flowed 
was 550 square feet. The same flood at the lower bridge, at o on the pkn, was 
85*3 feet above the datum ; the waterway was 102 feet, and the sectional area nearly 
600 square feet. 

The deviation line only crosses one stream at M on the plan and section. The 
present width of this stream ia 15 feet, and its depth 18 inches ; but in times of flood 
it rises to the same height as the river, and brings down a large body of water. The 
present height of its sur&ce above the datum is 31*25 feet, and the angle which its 
oonrse makes with the line of road 85 degrees. 

We have introduced the foregoing in order to shew the kind of data which should 
be obtained by thoae engaged in taking the levels and survey for road^making.* 

A cross section should also be taken of each of the existing roads near their junc- 
tion with the intended road ; the use of which is to shew to what extent, if any, the 
levels of the existing roads might be altered, the better to suit that of the new 
road. 

Possessed of the sections, figs. 5 and 6, we next proceed to lay down the line of the 
road, or, in other words, to determine the levels at which it shall be formed. As it 
is desirable that the road should always be dry, it should be at least a foot above the 
level of the flood; and if kept at 87 '25 feet above the datum, which is the height of 
the existing road at i, we shall effiect this object. Upon drawing a line at this level 
upon the section, we perceive that an embankment will have to be formed from the 
road at i, across the valley to the point where this line meets the ground at x, and 
that the remainder of the road from k to h will be in a cutting. No^ the obvious 
principle, in arranging the levels of a road, would be so to adjust the cuttbgs and 
embankments that the ground taken from one should form the other. In the present 
instance, however, this is impossible, because the level of the road ia determined by 
other circumstances, and necessitates the formation of a very long embankment with 

* The information rclatdvo to the rivors crottaod, such as is givon above, shoiild always be 
obtained, in order that the bridges constructed over them may be adequate for the passage of 
the water brought down in time of floods. 
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wfll oommenoe will be 200 feet from h, ihe differenoe of leTel being 4 feet. We have 
therefore to add to the other disadyantages already mentioned, as belonging to the 
itimight line of road, that of requiring the formation of a large embankment^ and the 
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neoeesity of making an excavation in eome other place, to afford the earth for that 
parpoae. 

We will now examine the section of the deviation line, and see what improvement 
can be thereby effected. We mnst, as before, keep the level of the lowest portion of 
the road 87*25 feet above the datum ; and if we draw a line at that level on the 
■eokioo, fig. 6, we ehall find that the quantity of embankment is very mnch reduced, 
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and thai tliere Tvill now he no difficulty in adjusting tlie entUng between h and l, so 
as exactly to afford the amount of filling required. A few trials will shew that if 
the line be kept at the same level until within 16 chains of B, and then carried up 
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at a regular inclination, this object will be effected, and that the amount of cutting 
and embankment will be very nearly equal. This latter will therefore be the line 
which the Engineer would select as the best ; and haying done so he would proceed 
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to mark the course of the road on the groimd, by driying a itake into the gronnd on 
its centre line at ererj chain (or 66 feet) ; he woald then take Tery careful lerela of 
the height of the gronnd at every one of these points, and at any intermediate pointy 
where any nndnlation or change of level occorred, and wherever the level of the 
gronnd varied to any extent in a direction at right angles with the course of the road, 
he would take levels from which to make transverse or cross sections of the ground. 

From these levels a working section should be made, having a horizontal scale of not 
less than 5 chains to the inch, and a vertical scale of 20 feet to the inch ; a portion of the 
section plotted to these scales is shewn in fig. 7 : the level of the surface of the ground 
above the datum, at every chain at the points where stakes have been driven into the 
ground, should be figured in on the section, as shewn in the column a, and the depth 
of cutting or height of embankment, at the same points, should be given in another 
eolumn, n. This last column is obtained by taking the difference between the level 
of the sur&ce of the ground and the level of the road. It will be observed that upon 
the section there are two parallel lines drawn as representing the line of road : the 
upper line is intended to represent the upper surface of the road when finished, while 
the lower thick line represents what is termed the formation surface^ or the level to 
which the surface of the ground is to be formed, tq, receive the foundation of the 
road: in the section we have made the formation 15 inches below the finished 
surface of the road, which will therefore be the thickness of the road itself. All the 
dimensions on the section are understood to refer to the formation level ; and the 
height of the latter above the datum should be figured in wherever a change in its 
rate of inclination takes place, which should be marked by a stronger vertical line 
being there drawn, as shewn at o.- 

When the cuttings are of any depth, trial pits should be sunk at about every 
10 chains to the depth of the intended cutting, in order to ascertain the nature of the 
ground, and to determine the slopes at which the sides of the cutting would safely 
stand ; and also at what slopes the same earth would stand when formed into the 
embankments. The cuttings and embankments should then be numbered on the 
ssction, and the slopes intended to be given to each stated upon the same. The 
contents of the cutting or embankment, that is, the number of cubic yards which will 
have to be moved for its formation, with the intended slope, should then be calcn- 
lated and stated upon the section. The manner of calculating these quantities will 
be subsequently explained. 

Wherever rivers or streams are crossed, bridges or culverts must be introduced, 
and of these detail drawings should be prepared, and reference made to them on the 
working section. 

A working plan should also be constructed on the same horizontal scale as the 
section, upon which the position of the centre stakes should be shewn ; and on this 
plan the road should be drawn in of: its correct width on its upper suiface, and 
another line shewing the foot of the slopes. The stakes on the plan should be 
numbered consecutively, to facilitate reference to any part of the line, and the width 
of land required at every stake should be calculated in the manner which we are about 
to describe, and entered in a kind of Table, from which the width of land required for 
the purpose of the road may be ascertained at every chain. We will suppose that in 
the present case the finished width of the road itself is to be 40 feet, and that an 
additional 6 feet will be required on each side for the ditch and bank ; we have then 
26 feet as the side width of the road without any slopes, or where the road is on the 
same level as the ground, and we shall observe that in the Table in p. 317, wherever 
there is no cutting or embankment (as at stakes Nos. 1 and 30), this is the width 
given in the fourth column. To find the heights at the other stakes, we must add to 
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in motion on tbe road, would continue its descent wHliont any additional force being 
applied. As soon as this limit is passed, the carriage would descend with an accele- 
rated Telocity, nnless tbe horses or other moving force were employed to restrain it ; 
and altbongh in such a case the use of a drag, by increasing tbe resistance, wonld in 
a measure obviate tbe danger, yet tbe injury done to the surface of tbe road by tbe 
use of tbe drag renders it desirable to dispense with it altogether. The following 
Table, taken from tbe second volume of tbe * RudimenU of Civil Kngineering,' shows 
tbe rate of inclination at which this limit is attained on tbe various kinds of roads 
mentioned in the first column. Tbe values of tbe resistances on wbicb this Table is 
calculated are those given by Sir John Macneill, and already quoted at page 305. 



Description of the Road. 


Force in lbs. 
required to 
move a ton. 


LimitinK 

angle of 

reslBtance. 


Greatest incli- 
nation which 
should be given 
to the road. 


Well-laid pavement .... 
Broken stone surface on a bottom of rongb \ 
pavement or concrete . • • i 
Broken stone surface laid on an old flint road 
Qravel road 


33 

40 

65 
147 


o / 

50 

1 11 

1 40 
3 45 


Iin68 

1 in 49 

lin34 
linl5 



Tbe Table of Gradients (p. 319) will be found of considerable value in laying out 
and arranging roads ; tbe first colamn contains tbe gradient, expressed in tbe ratio of 
the height to tbe length ; the two next, tbe vertical nse in a mile and a chain 
respectively ; the fourth column, tbe angle (iS, page 306) of inclination with tbe bori- 
sontal ; and tbe last column, the sine of tbe same angle, wbicb is inserted for facili- 
tating the calculation of tbe resistances occasioned by tbe gradient. 

We next come to tbe subject of tbe width and transverse form wbicb should be 
given to roads. As regards the first, tbe widtb to be given to the road, we should 
certainly recommend a wide road ; it is an error to suppose that the cost of repairing 
a road depends entirely upon tbe extent of its surface, and consequently increases 
just as we increase its widtb ; tbe cost per mile of road depends more upon the 
extent and nature of tbe traffic, and unless extremes be taken, it may be asserted 
that tbe same quantity of material would be necessary fur tbe repair of a road, 
whether wide or narrow, which was subjected to tbe same amount of traffic ; witb 
tbe narrow road, the traffic, being confined more to one track, would wear tbe road 
more severely than when spread over a larger surface ; tbe expense of spreading tbe 
material over tbe wider road would be somewhat greater, but the cost of tbe mate- 
rials might be taken as the same. One of the advantages of a wide road is that tbe 
wind and sun exercise more influence in keeping its surface dry. Tbe first cost of a 
wide road is certainly greater than that of a narrow one, and that nearly in the ratio 
of its increased width. 

For roads situated between towns of any importance, and exposed to muob traffic, 
the width should certainly not be less than 80 feet, besides a footpath of 6 feet ; and 
in the immediate vicinity of large towns and cities, the widtb should be still further 
increased. No specific rules can, however, be given for the widtb in such situations ; 
experience will soon show what width is requisite in any given situation. 

The form to be given to tbe cross section of a road is a subject of much import- 
ance, and one upon which much di£ference of opinion exists. Some advocate a con- 
siderable curvature in tbe upper surface of tbe road, with tbe view of facilitating tbe 
drainage of its surface ; while others (and tbose the minority) are averse to a road 
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How U mart be obvioni to all, thai th« odI; adTantage reaultjog from cnrriog tbe 
tiBiwTerM aKtion of ths row] ii allowiag Ibe Tatar, vhieh would otherwiM collect 
npoD ita mrfaoe, to drain freel; off into the aide dltchea. It hu be«n nrg«d b; ■oine, 
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that in Uying on fresh material npon a road it is noeeasary to keep the centre mnch 
higher than the sides ; because, in oonseqaenoe of the majority of carriages using the 
centre of the road, that portion will wear quicker than the sides, and, anless made 
originally much higher, when so worn it will necessarily form a hollow or depression, 
from which the water cannot drain. Now, it is entirely overlooked by those who 
advance this argument, that the only reason why carriages use the centre in preference 
to the sides of a road, is because of its rounding fornix it being only in that situation 
that the carriage stands upright : if the road were comparatiyely flat, every portion 
would be equally used ; but on very oonvex roads, the centre is the only portion on 
which it is safe to travel. 

The drainage of the sur&ce of the road is then the only useful purpose which will 
be answered by making it convex ; and even this in but a very imperfect manner, 
in consequence of the irregularities and roughness found even in the best roads. 
The surface of a road is much more efficiently drained by a small inclination in the 
direction of its length than by a mnch greater transverse slope. On this subject 
Mr. Walker has very justly remarked,* " Clearing the road of water is best secured 
by selecting a course for the road which is not horizontally level, so that the surface 
of the road may, in its longitudinal section, form, in some degree, an inclined plane ; 
and when this cannot be obtained, owing to the extreme flatness of the country, an 
artificial inclination may generally be made. When a road is so formed, every wheel- 
track that is made, being iu the line of inclination, becomes a channel for carrying 
off the water much more effectually than can be done by a curvature in the cross 
section or rise in the middle of the road, without the danger or other disadvantages 
which necessarily attend the rounding a road much in the middle. I consider a faJl 
of about li inch in 10 feet to be a minimum in this case, if it be attainable without 
a great deal of extra expense.'* While, then, the advantages attending the extreme 
convexity of roads is so small, the disadvantages are considerable : on roads so con- 
structed, vehicles must either keep npon the crown of the road, and so occasion an 
excessive and unequal wear of its surface, or use the sides, with the liability of being 
overturned. The evidence of coach-masters and others, taken before the Com- 
mittee of the House of Commons, and appended to the Report already quoted, quite 
bears out the view here taken, and shows that many accidents and much danger have 
arisen from the practice of forming roada with an excessive amount of convexity.-^ 
(See fig. 8. ) 

In making the above remarks, we must be understood as only disapproving of 
the practice (which has been but too prevalent) of forming roads with cross sections 
rounding in an extreme degree, and not as advocating a perfectly, or nearly, flat 
road, as many, who have fallen into the opposite error, have done. We should 
recommend, as the best form which could be given to a road, that its cross section 
should be formed of two straight lines inclined at the rate of about 1 in 80, and 
united at the centre or crown of the road by a segment of a circle having a radius 
of about 90 feet. This form of section is shown in fig. 8, and the rate of inclination 
there given is quite sufficient to keep the surface of a road drained, provided it is 
in good order and free from ruts ; if such is not the case, no amount of convexity 
which could be given to the road would be of any avail, as the water would still 
remain in the hollows or furrows. 

The form of cross section suggested in the figure is equally adapted to all widths of 
road, as the straight lines have merely to be extended at the same rate of Inclination, 
until they meet the sides of the road. 

• Parllamontarj' Report, 1819, p. 48. 
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The foregoing remarlcs apply only to the exterior or upper surface of 
the finished road ; with regard to the form which should be given to 
the bed upon which the road is to be formed, a similar difference of 
opinion exists as to whether it should be flat or rounding. In this case 
we are of opinion that, except where the Bur£ftce upon which the road has 
to be formed is a strong clay or other soil impervious to water, no benefit 
will result, as &r as drainage is concerned, in making the formation sur- 
fiuse or bed of the road oonyex. It should be borne in mind that after the 
nad materials are laid upon the formation sur&ce, and have been for some 
time subjected to the pressure of heavy vehicles passing over them, they 
heeome, to a certain extent, intermixed ; the road materials are forced 
down into the soil, and the soil works up amongst the stones, and the 
original line of separation becomes entirely lost. If the surface upon 
which the road materials were laid were to remain a distinct flat surface, 
perfectly even and regular, and into which the road materials could not 
he forced, then it would be of use to give such an inclination to it as 
would allow any water which might find its way throagh the crust or 
covering of the road to run off to the sides of the same ; although, even 
then, it would have to force a passage between the road materials and 
the sur&ce on which they rest : such is, however, as we have already 
remarked, fiu> from being the case ; and therefore it must be obvious, f 
except under peculiar circumstances, that no water which had found its « ! 
way through the hard compact surface of the road itself would be » * 
arrested by the comparatively soft surfiice of its bed, and carried off into f 
the side ditches, whatever slope might be given to it. While, however, 
we believe that» as finr as drainage is concerned, it is useless to form the 
bed or formation surfiice of the road with a transverse slope, we should, 
nevertheless^ give it the same, or nearly the same, form as that which we 
have just recommended for its upper finished surface, with the object of 
making the two surfaces parallel, and so giring an equal depth of road 
material over every portion of the road. In this respect we do not 
Mgne with some road-makers, who not only recommend a less depth of 
road materials to be put on the sides than on the centre of the road, 
hut fiirther advise that an inferior description of material should there be 
employed. 

Too much attention cannot be paid to the drainage of reads, both as 
regards their upper surface and that of the substratum on which they 
Rsi. To assist the surfiuse-drainage, the road should be formed with 
tbe transverse section shown in the annexed figure, and on each side 
of the road a ditch should be formed of sufficient capacity to receive 
all water which can fall upon the road, and of such a depth, and with 
a sufficient declivity, to conduct the same freely away. When footpaths 
have to be constencted on the sides of the road, a channel or watercourse 
should be formed between them, and small drains formed of tiles or 
earthen tubes (such as are used for under-draining lands) should be laid under 
the footpath, at such a level as to take off all the '^-ater which may collect in this 
channel, and convey it into the ditch. In the best-constructed roads, these side 
channels should be paved with flints or pebbles; the drains under the footpath 
should be introduced about every 60 feet, and should have the same inclination (viz. 
1 in 30) as that recommended for the sides of the road : a greater inclination 
would be objectionable. It is a very frequent mistake to give too great a fall to 
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small drains, the onlj effect af vbich ii to produce each • cnrrent through thoo w 
to wash awBj or nndennine the ground aroand them, and iiltiijiately eanae thgir 
own destructioD, When a draia is onc« closed bj an; obitraetion, no amount of fall 
vhich eould be given to it wonld again clear the passage ; while a drain with a con- 
uderabte cnrrent throogh it would be mneb more likelj to be Btopped from foreign matter 
being carried into it, which a less rapid itream coald not hare tnnaporled tbsre. 

In the case of a road whose aor&ee was diaiaed in the waj which we baTO jntt 
deacribed. And which tnrfacfl was c^rmposed of proper nuiterials in a compact atats 
Terj little valer would find its waji throogh to the anbitratnm ; with loine dsscrip- 
tioDS of soil, boweTer, it would be deeirable to adopt means for mainlainbg the 
foondation of a road in a drj state, as, fur initaoce, wben the snrfcee was B atnag 
cla; through which no water conld percolate, or wlien the gn>and beneath tbe road 
wBB naluralljF of a soft, wet, or pealj nature. Under sucli circnmstaneen it would b« 
desirable to provide for ita proper drainage b; a species of under-drainage. As aoon 
aa the sorrace of the gronnd had been furmcd to the level intended for tbe reception 
of the road materials, trenches sboald be formed across the road, &om 1 foot to 18 
inches in depth, and aboot 1 foot wide at the bottom, the udea being sloped as 
shown in fig. 9. The distances at which these drains ooght lo be formed wenld 



depend in a great mensnre on tbe Datore of Ihc soil : in the ease of a strong elaj 
soil, or one natniBlly verj wet, there ebonld be one about erery 20 feet, and this 
distance might be increased as the ground became firmer or drier. In these trenehei, 
a drnia not tees than 4 inebea eqaare intemallj should then be Formed either of old 
bricks, drain-tiles, flat stones, or in any other mode used for imder-drains, and tbo 
remainder of tbe trench aboold be filled with coaiae stones free from all elay or dirt, 
in the manner shown in fig. 9. Of couree these drains must have a ttii given then 
from the centre of tbe rood into tbe ditches on either side ; an incliDaticn of 1 in SO 
will be Bufficieot. ^Vbeu the road is level in the direction of ita length, tliese drains 
sbonld run atruight across ; but on those portions of the road which are ineliaed the 
drains abould be formed as shown on the plan, fig. 10, aomewhat in the form of a ytrj 
flat T, the point being in tbe centre of tbe road, and the drains making an acnts 
angle with the line of the road, in the direction in which it falls : the amount of 
this angle should not be greater than is efaonn in tbe fignre. 



T?hen a rosd with footpatba is under.drained in the manner which we bare jnst 
described, it will not be nects^ary to fnim drains from the tide channel noder the 
foot|.aih into the dilcb, ns thown in fig. 8, but merely to earrj np a little ahaft, 
ecnitmcted in the same way as the drain, from the drain to Uie channel, covering tbe 
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Bm« with a ima]! grating, to prevent leayes or other snbstanoes, which might choke 

the drain, being carried into it. This method of forming the drains is shown at 

▲ in fig. 11. 

Fig 11. 
I 
BBCTION in.-— ON THI OONSTRUOTIOir Of BOAM. 

On this subject a great difference of opinion exists. By a few, amongst 
whom we may mention Mr. McAdam, it has been maintained that a '^. 

yielding and soft foandation for a road is better than one which is firm 
and unyielding; and he has gone so far as to say that he " should rather 
prefer a soft one to a hard one,'' and even a bog, "if it was not such a 
bog as would not allow a man to walk over it." * The principles upon 
which this opinion was founded were, that the road on the soft founda- 
tion being more yielding or elastic, the materials of which the coTering 
of the road was formed would be less likely to be crushed and worn 
away by the passage of a heavy traffic over them than when placed on a 
hard solid. The contrary opinion is, however, that which has received 
the largest number of advocates, and is that which we ourselves hold ; 
and we feel assured that there is no more general cause of bad roads 
than Uieir being formed upon a soft foundation. We would most strongly 
urge the necessity of securing a firm, solid, and dry substratum for the 
road materials to rest upon ; and we are quite satisfied that, however 
good the materials themselves may be, and however much care may be 
bestowed upon the manner in which they are put on, unless a good 
foundation has been previously prepared, the whole of the materials and 
labour will be only thrown away. The outer surface of the road should 
be regarded merely as a covering to protect the actual working road be- 
neath, which latter should be sufficiently firm and substantial to support 
the whole of the traffic to which it may be exposed. The real use of the 
road materials laid over it should be only to protect this actual road from 
being worn and injured by the horses' feet and the wheels, or from the 
action of the weather. And this lower, or tub-road, as it may be called, 
being once properly constructed, would last for ever, merely the outer 
case or covering requiring to be renewed from time to time, so as always "^ 
to preserve a sufficient depth fur the protection of the sub-road. 

We may very conveniently class roads according to the manner in 
which their foundations are formed, as follows : 

1st, Boads having no artificial foundation, but in which the covering 
materials are laid on the ground. 

2nd, Boads having a foundation of concrete. 

3rd, Boads having a paved foundation. 
And each of these might be again divided according to the kind of 
material employed as a covering. 

The first of these classes will certainly contain by far the largest pro- 
portion of the roads in this country. But it should only be employed in 
cases where the importance of the road is not sufficient to warrant any 
large expenditure, and when the amount of traffic to be anticipated is 
smaU ; for we are certainly of opinion that it is a very mistaken economy which 
would incur a large permanent annual outlay for repairs, to save in the origmal cost 
of constructing the road ; and we are satisfied that, in this sense, a road with a paved 



• Parliamentary Report, 181©, p. 28. 
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or concrete foandation will always be found less expenaire than one formed without 
such a foundation. 

Where, however, circumstances may render it necessary to construct a road upon 
the natural surface of the ground, every care should be taken to make it as solid as 
possible. If the ground is at all of a soft or wet nature, deep ditches should be cut 
on each side of the line of the road, and cross under-drains should be formed in the 
manner already described ; and where the ground is very soft, a layer of fagots or 
brushwood, from 4 to 6 inches in depth, should be laid over the surface of the ground 
before laying on the road materials. In cases of embankments, or where the ground 
under the road has been recently deposited, the surface should be either rolled or 
punntd; that is, beaten with heavy beetles, so as to insure as great a degree of 
solidity as possible. The same mode of proceeding should be followed even where it is 
intended to form either a paved or concrete foundation ; for, as before remarked, too 
much care cannot be bestowed on that part of the road. 

The employment of concrete composed of gravel and lime was first proposed by 
Mr. Thomas Hughes, and the following remarks upon its use are quoted from his 
work on Boads.* ' 

"The use of lime concrete, although an introduction of modem times, and oer> 
tainly one of rather a novel character, derives its real origin from a very remote 
period. We have indisputable evidence that the Romans, in constructing their mili- 
tary ways, particularly in France, adopted the practice of forming a concrete founda- 
tion composed of gravel and lime, on which also they placed large stones as a 
pavement. The consequence of a construction so solid has been, that, in many parts 
of Europe, the original bed or crust of the Roman roads is not at the present day 
entirely worn down, even after a lapse of fifteen centuries. 

"With the view of affording a modem example in which lime concrete has been 
used, I would refer to the Brixton Road, where a concrete composed of gravel and 
lime has been recently applied by Mr. Charles Penfold, Surveyor to the Trust. In this 
case the proportion of gravel to lime is that of four to one. The lime is obtained 
from Merstham or Dorking, and, before being used, is thoroughly ground to powder. 
The concrete is made on the surface of the road, and great care taken, when the 
water is added, that every particle of the lime is properly slacked and saturated. The 
bed of concrete having been spread to the depth of 6 inches over the half-breadth of 
the road, the surfitce is then covered over with 6 inches of good hard gravel or 
broken stone, and this depth is laid on in two courses of 3 inches at a time, the first 
course being frequently laid on a few hours after the concrete has been placed in the 
road. The carriages, however, are not on any account allowed to pass over it until 
the concrete has become sufficiently hard and solid to carry the traffic without suffer- 
ing the road material to sink and be pressed into the body of concrete. On the other 
hand, the covering of gravel b always laid on before the concrete has become quite 
hard, in order to admit of a more perfect bindlog and junction between the two beds 
than would take place if the concrete were suffered to become hard before laying on 
the first covering. The beneficial effect arising from the practice of laying on the 
gravel exactly at the proper time is, that the lower stones, pressed by their own 
weight, and by those above them, sink partially into the concrete, and thus remain 
fixed in a matrix, from which they could not easily be dislodged. The lower pebbles 
being thus fixed, and their rolling motion consequently prevented, an immediate 
tendency to bind is communicated to the rest of the material, — a fact which must be 
evident, if we consider that the state called binding, or rather that produced by the 



* ' The Practice of Making and Repairing Roads,' p. 44. 
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Vin i:^ sasikL tJas li Siirarxx lae rTiii ^^ms:i3$ <il8^lj visb aa^ar tbivb «f 
fr»n:i3&, wTzhv.ta %a.x ishisc imseru&L v^iii irss fsr^nxly TKVBLStSBiStd sy ^i;. If.cAJ 
aa«i »Z ia :i5»i-xH!i3 <i^«Eriaair« iaa* sair'irt :» jap^rjyrc:"^ :^^x ivsrj /cjsnr vxica. 
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been employed. The mort important quality in stone for road-making is totighnesB ; 
mere hardness without toogbness is of no nse, as such stone becomes rapidly redaoed 
to powder by the action of the wheels. Those stones which have been fonnd to 
answer this porpose best are the whinstones, basalts, granites, and beach pebbles. 
The softer descriptions of stone, such as the sandstones, are not fitted for this purpose, 
being far too weak to resist the crushing action of the wheels. The harder and 
more compact limestones may be employed ; but, generally speaking, the limestones 
are to be ayoided, in consequence of their great affinity for water, which causes them, 
in frosty weather which has been preceded by wet, to split up into a pulverulent 
state, and destroys the solidity of the road. 

Next in importance to the quality of the stone is its proper preparation : this con- 
sists in reducing it to angular fragments of such a size that they will pass ireely through 
a ring of 24 inches in diameter in eyery direction ; that is, that their largest dimen- 
sions shall not exceed that measure. The stone, having been thus prepared, should 
then be evenly spread over the surface prepared for the foundation of the road to the 
depth of about 6 inches ; and the road should then be opened for traffic. In Mr. 
Telford^s specifications, he usually directed that on the top of this coating of broken 
stooe a layer of good clean gravel, about an inch and a half in depth, should be 
spread before throwing the road open for use. The reason for this practice was, So 
lenen the extreme unevenness of the surface, and to render the road more pleasant 
to pass over when first opened. It would be better, however, for the public to put 
up with the temporary inconvenience of a rough road, because the gravel does a per- 
manent injury to the road, and lessens in a considerable degree the property which 
the stones possess of uniting into a compact solid mass. 

Broken stone, being so superior to gravel for the purpose of road-making, should 
always be employed where it can be easily obtained. There are, however, many 
situations in which gravel is the only available material. The quality of gravel varies 
80 considerably, that while some kinds may, when properly prepared, form a very 
excellent road, others may be entirely worthless : of this last are those kinds of 
gravel the stones composing which are of the sandstones and flints, for even these 
last, although hard, are so excessively brittle as to be immediately crushed by the 
passing of the wheels over them. The gravel, when taken from the pit, should be 
passed over a screen which will allow all stones less than three-quarters of an inch to 
pass through it, and the fine stuff, or hoggin, as it is technically termed, thus obtained 
should be reserved for forming the footpaths ; the remainder, which has not passed 
through the screen, should have all the stones whose greatest dimension is more than 
2i inches removed and broken, and it would be desirable that these broken stones 
should be reserved for the upper layer. In screening the gravel, especially as it first 
eomes out of the pit, a certain portion of loam will generally be found to adhere to 
the stones, and this should by no means be separated from them ; for, as we have 
already mentioned, although angular broken stones require no extraneous substance 
to cause them to bind, the case is different with the pebbles, of which most gravel is 
composed, which require a certain amount of loam, clay, or chalk, to fill up the 
interstices between the stones, and prevent them from being rolled about, as they 
otherwise would be. On this subject Mr. Hughes has made some observations so 
mudi to the purpose that we cannot do better than quote them : * 

"In laying on this upper covering, many surveyors commit a great error in not 
making a distinct difference between angular or broken stones and those rounded 
smooth pebbles of which gravel is usually composed. The former cannot be too well 
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domed before being laid on ihe road, becmnae, eren wben entirely directed of all 
eartby matter, tliey aoon beeome wedged and bonnd eloeely together when the prea- 
snre of carriages comes upon them. But the case is difierent with the smooth nmnd 
sarfikoes of grard ; for if this material be entirely cleaned by means of washing and 
repeated safUags, the pebbles will nerer bind, until in a great measore they become 
ground and wx»ii down by the constant pressure and mbbing against eadi oUiar. 
Belbc^ this takes pboe, the soiCMe of the road most be oonsideraUy weakened, and 
will, ID &ct, be incapable of supporting the pressure of beaTy wbeda, whidi oooae- 
qaeatly sink into it« and meet with considerable resistanoe to their pn :> gie a s . Under 
these circumstanoes, it aeons that the practice of too scrupulously deaning ths 
rowided pebbles of gravd must be decidedly condemned ; and the question then 
ariseS) to what extent shooki the deacing process be dispexoed with ; or, in oiher 
wurds^ what proportion of the binding material found in the rough gratd, as taken 
o«t of the ptt« ^ottld be allowed to remain in the mass intended to be placed on ths 
ivad t * * * A king conne of experience, accompanied by atteatiTe obserraiions on 
tkese detaib ia the practice of road-wsking, has conrinced aie that it b much better 
and safer, as a general rule, to kare too much of the bin-iing material in the giavel 
than to direst it too completdy of this substance. When die giard is ]Jaeed on a 
road without bring sufidently deaaed, the constant wear and tear, aided by tihs 
«inmtnt e of wet weather, causes the harder material or actual grsTd to be 
ekne togetWr ; and the surplus of soft binding z&sterial remainiag after the 
staott between the peUdes are filled up, be£ag then forced to the top, and nsnally 
mixed with water, becomes mod. and, aecotdisg ti> the usual pcaetsee, ^onld ha 
ncra^ to the shks of the rand. VThen this has teen donew the suriaee is wnslly 
firm and aufidL bceaaae the hard gratd beiow the mud has beonae perfectly bsnnd, 
withont, aft the same time, being brotkcn or grcnsd to pieees. SurcKMe, next, a road 
cerertd with craTd t<«> much cieaaed, wh«e it is er^ifnt that Vue 
t£ the crard will {ontiane until it hecv-mes Ir.kea into az^puar faK«s, asid a 
qaaatitT ^ f clTeriaed macr^ has Veea Scrmed to k^-'^i t2« ss.*&es ia ibar 
a;»i tk» t» «<ecs the Hsniirx cc the massL I need hard>r say. tkat the 
tkw jiicnsamed te the r.*ni b an erl cf mne^ m^Ye i3rpv-r^s»^e^ and .-me mi 
t? Ve aTttoML than that ^oensaceed by eBKpi.^Ti:i^ saomes net sn&raeatly 
Iife!Circ>ss ii al! tkia. W:ww<ner. it ss the rm.-«ke x'f mnay r.<tti-snrf^;rs w a»t Ihnt 
aJl paTvl, «f w^nsevcr ^m^ty. s&sU he rendered per<^:i^y .»£an by ree^naed s&fti^g^ 
anc rms &y wmsiixti; aatzl it Kevx^rts eatincty di^^esacd %t all ikst aeay ^ssnily he 
«vats»aeRC t^ boaiiax part it tOfe aaatecisl^ 

TVf paT«^ vi-ea tax$ ^rfvas^d by *arwr?nj; s&k^tji be ^;aSi .'a ar>i fTvend to a 
aarjirra 5;?«^ •:^ sua m>:rc tian ^ i3i:a<<a .r-sr t^ v^*de rj«kL w^i^ft stay then he 
tarrwx .*c«k ar tiie me K the rw^or : mr^tuar carv as*! asaflzii<ia;^ Wwrwr. ia 
r9(xjr««l w Vf jrl^vm t« new r.'noi viea irs^ 4cvas<^ j.t trsf&r : a scfiooa 
«c men s^citji Vr eot^u.'v^ t.* kf^r? ev«r^ ret rabfi 5s i^ s»na«!n« ^ a jcwa 

fr«wrr Tars :f Jt« «:riii->f ix Trrt. If ;>f« rr«car^»ni* xrr t»/« xxJ^n,. ^'sa.'-s na 
Warn t^ r^^mi ant^otf a int Mtniiixa : so^i xtaoy r.-akU ^^w Vwa j ii aiiiaiss'j 
rK3k»£ i^/u^ taif wkxt ;( ?ir-.'o«er asanta»nL v^ita irst vthL VVn rrts an emen 
i/rsMC, fv'ifcy nortNtco^ ttsoo.-^j^ xs;^^ uir rMhi k^«eo« st ta« monf cn:^ MMncn( 
aart :3cr»tft3i^ Utf rev vxu*^ ix wm wnas^ifr ^'vin<a i-Um^ w:^ wsaec w^nshi. 
^T-jr^ T^ .*U4r smx^ :c «9nc«. s£>;'«>^ Tvoiisraait^ ?^ s:ii«( sB«i Vaarat i€ taat 
rsojilerjj: Us?at « scrt as itf >t stJl "HrsJxfC a.t»^ x.Tva: >« «a:^ iQiccM^ni:^ 
TioM rzjSi xoice iursuAi,. a iiiidt. «ii;::^p^ /ct^iili^r s r^x;;.:^ v rrguKr Vhr J^ittrT^ 
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would hare prerented its ocoarrenoe, besides the inconTonienoe, danger, and expense 
to the public, in being obliged to trayel on a road when in such a condition. 

Amongst the substances which we stated might be mixed with clean gravel to 
enable it to bind was chalk. Now, we think it necessary to say a few words on the 
use of chalk on roads, as some misapprehension exists on the subject, and many 
rosds hare been ruined from its improper use. There are two modes in which chalk 
msy be adrantageously employed in the construction of roads. It may be hud in the 
very battens of the road, to form the foundation, but it muet be at euch a depth ae to 
be efUirdy beyond ike ittfiuence of froet, otherwiBe it will quickly destroy the road ; 
for chalk has a rery powerful affinity for water, or rather, to speak more oorrectlyt 
capillary attraction for it, in consequence of which it readily absorbs all the moisture 
which finds its way through the road coyering ; and herein consists its yalue, if judi- 
doualy applied, for the water thus absorbed would otherwise have penetrated to the 
foundation of the road, and rendered it soft If, howeyer, the chalk be placed within 
the influence of frost, the water, which is only mechanically held by the chalk, will, 
in the act of congealing, expand, and by so doing rend the chalk into a thousand 
fragments, and reduce it, in fS&ct, to a pulverulent state, which the succeeding thaw 
changes into a soft paste or mud. The other purpose for which chalk may be 
employed is, as already mentioned, to be mixed with gravel in order to make it 
bind : in using chalk, however, for this purpose, it should be borne in mind that it is 
only required when the gravel is perfectly clean and free from other binding matter ; 
the mixing it with gravel already containing sufficient clay or loam is not only useless, 
but is positively injurious ; and even when the gravel is of such a nature as to require 
being mixed with chalk, great care should be taken not to add too much, for it is 
not with chalk as with the loam or clay with which gravel is naturally combined ; 
the latter, generally speaking, possesses little power of absorbing water, but the 
superabundant chalk would soon be reduced to the state of a soft paste by the action 
of the weather, in the manner which we have just described. Chalk, therefore, if 
used as a binding material with gravel on the surface of roads, should be reduced to a 
date of powder, and should be perfectly and thoroughly mixed with the gravel before 
ike latter it spread on the road. 

We would also remark here, that although we have recommended the use of 
boshes or bundles of fagots to form the foundation of roads over very soft or boggy 
ground, they should only be employed in such situations, and at such a depth below 
the sur&oe, as will insure their always being damp ; for when in a situation where 
they would be alternately wet and dry, they would quickly become rotten, and form a 
soft stratum beneath the road. 

PART II. — MAINTENANCE OF MACADAMIZED ROADS.* 

The general extension of railways over all the leading lines of communication 
throughout the kingdom has greatly tended to withdraw the interest of the public 
from the consideration that had previously been given to the construction and main- 
tenance of the ordinary roads ; a sudden check was put on the progress of improve- 
ment, and the systems for those important operations remain where they were some 
fifteen or twenty years ago, when they had by no means arrived at perfection. 

It is not assumed that any novelty is to be introduced into the old principles for 
the maintenance of macadamized roads, but the extent to which it is considered that 
they ought to be carried out is not recognized, or, at least, practised. 
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The chief feattu:«8 of proposed improvement are — 

Ist, The keeping the road perfectly clear of dust, dirt, or of any unconnected 
matter over the crast of conBolidated broken stone. 

2nd, Minnte repairs to the snrface, in small patches, immediately on the appear- 
ance of any want of form or sabstance. 

Previous to entering into the question of maintaining a road, we ought to suppose 
it to be, in the first instance, in a proper state. 

There are two very important requisites for a road, without which it ought not to 
be considered, if a new road, as completed, or, if an old one, as efficient ; one of 
which is generally much neglected, and the other entirely. The one is thorough 
drainage ; the other, the consolidation, as part of the work, of any great mass of new- 
laid stone. 

It is very rare, indeed, that a road is thoroughly drained. If it has a longitudinal 
drain on each side, in which the water does not remain at any time standing so high 
as the lowest part of the cross section of the road, it is considered to be adequately 
drained ; but it is suggested that under many circumstances it may fail to be so, and 
that instances may be constantly seen where such drainage is quite insufficient, as in 
the following cases : 

1. Where along flat ground, the water remains in the drain for lengthened periods, 
■up to within a few inches of the level of the road, the moisture will soak through, 
be retained under the surface of the road, and cause it to be sofb and heavy. 

2. Where the road is wide between these drains, via. from 30 to 60 feet, or up- 
wards, and the soil at all reteotive of moisture, the wet will be long in passing off. 

In the drainage of lands for agricultural purposes, on the system practised by Mr. 
Smith, of Deanston, which is generally received as judicious, 18 feet is a usual 
distance between his covered drains, while 30 and 40 are extreme distances ; and, 
certainly, it is far more important to under-drain a road. 

8. If there are springs, or any degree of filtration of water not cut off by the side 
drains, in the bed of the road, theory says, and even specifications require, that they 
should be drained off^ but in practice it is seldom attended to. 

4. The flatness that is now given to all roads is such as will not admit the water 
to run off them, unless it falls in very large quantities, and then only partially, or 
unless the road be very smooth, hard, and perfect in shape. Even the slight curve 
that is required is very seldom preserved in the habitual maintenance of the road, 
certainly not in the firm part of it, if any can be called so. 

If a road is to be kept iu the ordinary inefficient condition, it would be decidedly 
better to give a greater curvature to its cross section than usual, notwithstanding the 
evils attending it. 

5. All the water that falls on the sheets of loose broken stone, which always He a 
considerable time before they aie consolidated, disappears, it is true, from the sur- 
face, but soaks on to the under stratum, and is by so much the worse, as it is in some 
degree retained by the consistency of the hollow in the remaining crust of the road. 

6. It is rare that water has so free a passage as it ought from the water-tables, 
through the footpaths or other obstructions. 

7. Lastly, it is not uncommon for the gullets for passing small watercourses under 
the road to be quite insufficient in number or dimensions. 

These defects are almost universal : to remedy them thoroughly, that is, to a degree 
far greater than is now usually thought to be at all necessary, would cost much less 
than the wear and tear occasioned by their existence ; and, indeed, without their 
being ihorouffhly provided against, no labour or expense will keep the road in a first- 
rate degree of perfection. 
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It is this, perhaps, more than any other cirenmstanoe, that renders it most difficult 
bj anj expenditure to keep a macadamized roadway in the greatly frequented streets 
of lar^ge towns in any sound state during a continuance of very wet weather. 

With regard to the second requisite, namely, the consolidation of the broken stone 
on new roads, (or in cases of extensive repairs,) before they are given up for the 
general traffic, no road ought to be considered to be finished until thoroughly rolled, 
that is, to a degree that will admit of horses in draught trotting over it without much 
extra exertion. 

As this is seldom if erer attended to, the propriety of its adoption requires some 
distinct explanation and arguments, which will be found at the end of this article. 

The great adyantage of maintaining roads in good condition, as a measure of 
economy, has frequently been adverted to, but cannot be too often repeated or too 
strongly enforced, particularly since it is little attended to in practice. 

Without going into the question minutely, perhaps the following, as a single ill as- 
tration, will not be considered overstrained : 

Suppose the work of every horse on any given road be calculated at twenty miles 
daily journey upon it, and that the services required be regulated by the number of 
horses applied, it is probable that the differenoe in the state of a road that would 
enable four horses instead of five to do any given amount of work would not be so 
great as most persons might imagine. 

The calculation may be made in various different ways ; distances traversed, or 
loads conveyed, or rates of speed, may be varied according to the goodness or defects 
of the road ; the supposed retult, however, by any mode of reasoniug, is, that four- 
fifths the amount of animal labour should be able to do the work in one case, that 
would require one-fifth more in the other. 

Supposing the number of horses employed to be equal to an average of eighty 
daily, over twenty miles of the inferior road,* then sixteen horses (or one*fifth) might 
he spared if the rood were improved to the condition contemplated on the above cal- 
culation. 

Suppose also the value of each horse to be estimated at £45 per annum for his 
purchase, feeding, care, harness, &c.,+ there would be an available amount of £680 
per annum for the improvement and maintenance of this twenty miles of road at its 
superior state, or £34 per mile. 

If it could be shown that an increased expenditure on the road, not exceeding that 
amount would have the effect of placing and maintaining it in the superior condition, 
it must decidedly be true policy that it should be incurred, not only on account of 
the one ingredient of reduction of animal labour, but on many others on which it is 
not easy to put a money value, — such as wear and tear of carriages and harness ; 
greater degree of lightness and ease that may be given to the carriages ; saving of 
time by inereased degrees of speed that would be adopted for traffic of all kinds, but 
particularly for passengers ; greater freedom frt>m mud or dust ; reduction of cruelty 
to animals, which by no process can be so great on a good as on a bad road ; im- 
proved business in the district, a;nd increased traffic that would be brought on the 
road by the additional facility and comfort it afforded, with very many others. 

This argument has reference to the question as regards the public generally, with- 

* Equivalent to the work of a single borne over 1600 miles, including the amount traversed 
by every horse over every part of this 20 miles. 

t It is submitted that £45 per annum can hardly be deemed high ; it would probably 
amount to that average by the addition of a horse to every carriage ; but when it is considered 
that moat of them are single-horse vehicles, each additional horse in those cases would require 
an additional cairiage and driver. 
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ovi eooBdentifln of wkU partks are to pa j for the expenditare, or wlui parties are 
to reedTe the benefit, — a conaideration that, nnfortanatelj, fireqaenilj leads to many 
impc^tie proeeedings. 

In Irehuid, for instance, where the roads are maintained by eonnty asseasment, the 
astt<Hmt of fands granted has chiefly reference to the weight of the tax, and not to 
the necessity of the case, or the indirect adrantages to the commanity from good 
roads. 

The first principle to be estaUished should be the most beneficial and eeonomieal 
system for the coontry generally, and afterwards to regulate the jnst apportionment 
and the manner in which the necessary funds are to be raised. 

It is not the object of this article to go into the question of how that is to be done, 
but it may be stated n» pauant that the turnpike system, on the fallacious reason of 
fAo«e vAo ute tke road payimg for it, is considered to be by no means judidons or 
equitaUe. 

In treating <^ the condition of a road, the present intention is merely to consider 
how to preserre its surface, without reference to any question of how it may hare 
been carried through the country, or of its hills, &c, — matters that hare more relation 
to constmcticA than to maintenance. 

A road in superior condition is assumed to be one that has always a hard and even 
sar€see, with currature just sufficient for the water to run ofi^ without eren small 
hollows in which it will lodge, without mud in wet weather, or dust in dry, and at no 
time wiUi extoisiTe patches <^ the usual sised brokoi stone newly laid upon it. 

The inferior road is precisely the rererse of this in its qualities, hot the degree of 
inferiority cannot be rery accurately defined : it may, for the purpose o£ this argu- 
ment, be considered such as would, generally speaking be tamed, more or less, a 
hesTy or rough road. 

The time when the rdatire ecmdition of roads is most deariy to be perceired is in 
rery wet weather ; the good will then be still quite hard, with no inequalitiefl^ no 
dirt, no puddles ; it will be as a good road in summer recently watered. 

The inferior will be muddy, in numerous puddles, rough, or soft and heary. 

It has been endesToured to be shown that it would be good policy and eeonomieal 
to expend a emsiderable iMitional sum annually in improring and ***"'*•'■* Mig the 
road in the superior manner, if not to be efkcted without such extra expenditure. 

A road aiauf hare at least three or four indbes of stoning upon it, or, if not retj 
firm, wh^ls will in parts cut down to the subsoil, aod it will be impassal^ 

As the stone, therefore, is worn down to dust or mud, it mmst be renewed in at 
least equal quantities. 

This is all, therefore, that is absolutely necessary to enable carriages to make use 
of it ; and by an erroneous inforenee, which it would appear, judging by the ordinary 
course of p rocee d ing is general, it is considered that the cheapest mode of maim." 
taining a road in a condition to be merely pasBable^ is to do no mote than lay down 
stone along it, just before it arrires at its minimu'n thickness. 

It seems also to be considered, that whaterer improrement is made beyond that 
state, in the goodoeas of the road, as a measure of conTenience, or for the economy of 
the working power on it, must be at the sacrifice of some direct increase of expense 
upon the road. 

There is^ howerer, great reason to belieTe that by a proper system the greatest 
improrements might be made at rery iittU, if aay, tnrreosed omiiof. 

It would be manifostly a subject of great importance to prore and establish ssdk a 
position. 

On a thoroughly good road, the wear is eren, gradual, and rery dam ; the carriages 
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work indiBcriminately oyer eyery part ; -but such a oondition must be narrowlj 
vatched, for if left to itself, slight inequalities are formed, each of which tends 
to a more rapid wear of the road ; and in proportion to the length of time that these 
are allowed to continue and increase, and the less frequent and more extensiye are 
the repairs, by so much will be the injury done by each carriage : thus, in the first 
case, where the trafilc of one week may do, in a given distance, ten shillings* worth 
of injury, in the worst of the latter it may do damage to the value of twelve or 
fifteen ; i^ therefore, it can be maintained at once in the better condition at the higher 
rate, though the ultimate expense is the same, yet we have the good road instead of 
the bad. 

Independent of the constant perfect efficiency of the drainage, and that a good form 
of cruss section be preserved at every application on the surface, there are two leading 
operations to be regulated, — namely, the removal of the produce of the wear, in the 
sliape of dust or mud, and the application of fresh material to replace the loss. 

First, with regard to the dust or mud, arising from wear or other causes. In 
roads that are much neglected, this waste matter is never removed ; in such cases, 
unless under very favourable circumstances of original good construction, very perfect 
drainage, great exposure to the sim and wind, and small traffic on it, the road will be 
very dusty in dry, and very muddy in wet weather, all which not only tend to make 
it heavy to the draught, and to create inequalities, but to increase greatly the 
grinding operation of the wheels, and consequently more rapidly to consume the 
material. 

From such a state of absolute neglect, various gradations may be adopted ; first, to 
a partial removal, at long intervals of time, when there shall be a great accumulation ; 
thenoe to a more frequent removal, up to the best system, namely, that of constant 
attention, and an entire prevention of any perceptible collection. In the first case, 
scrapers of different materiab and forms are used, or shovels and birch brooms, till, 
in the latter, the broom alone may be sufficient. 

The waste matter from the wear of the road (always injurious if left upon it) may 
be removed as dust or as mud : — in the former state, however, with much greater 
facility and advantage. As dust, it is removed before it has done much injury ; it is 
lighter and easier to collect ; a broom, which is the implement to be used, docs not 
derange the surfiice, as a scraper may in the removal of mud ; — the scraping away of 
mud will leave much that will form dust, while sweeping away the dust will leave 
nothing for mud. 

Unfortunately, however, the climate of England and Ireland, by the proportion of 
wet as compared with dry weather, would not admit of this removal of dust to any 
very great extent ; still the principle would be adhered to as much as possible, and at 
all events no accumulation of either dust or mud shoald be allowed. 

The constant sweeping away of the dust or soft mud may be deemed the pre- 
vention of evil ; the occasional scraping away the stiff mud in quantities, the remedy 
for it. 

The manner of supplying the material for preserving the necessary thickness for 
the crust of a road, will also admit of great variation from the worst system, which 
u that of waiUng tiU the suriiwe has lost its shape, is covered with mud and pooU of 
water, to which a thick covering of stone, broken to the usual dimensions, is applied 
over extensive distances, and there left to be worn down by the carriages that casually 
pass it. 

This necessarily produces very heavy draught,— chance of injury to horses* feet,— 
a very slow formation and consolidation, a great deal of disphicement of material, and 
extra grinding and wear and tear ; and thusthe road is periodicaUy rendered almost 
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unfit for transit by the T617 operation that is called its repair, and ultimately remains 
a mis-shapen fixing of not half the quantity laid down. 

On that system improrements are introduced by more firequent patching in smaller 
quantities at a time, up to that which may be deemed the most perfect, namdy, a 
constant watching, and the application of very small patcKa of ttone broken finCf 
carefdly supplied to the small hollows, as they shall successively be formed, and to 
places where the shape or strength shall be deficient, these parts being loosened with 
a pick, and the fresh material rammed down* into them, and attended to carefolly 
till finally consolidated. 

It is Tery evident that instead of all the grinding and crushing of the material which 
attends the passage of wheels over the soft roagh road, the friction and consequent 
wear on that which is perfectly even and hard must be most triiing. 

Under the system here recommended as the best, there will be, no doubt, some 
additional manual labour requisite on the road, but at the same time a most decided 
saving of material and in the carriage of it ; and in cases of tolerably frequented 
roads, or where material is distant, and therefore costly, perhaps it may be said 
generally, the saving on that item will be greater than the extra expenditure on the 
other ; thus obtaining an absolute reduction of outlay to procure the perfect road, and 
what is of advantage in almost every country where it can be effected without extra 
expense, increased work for the labouring population of the vicinity ; that is, the 
substitution of manual labour for the employment of material and animals, f It may 
almost be asserted, that under a thorough good system, the better the road is, the less 
will be the outlay upon it. 

Many of the above remarks have been suggested by some very interesting papers 
written by Mens. L. Dumas and other French engineers of the Corps des Fonts et 
Chauss6e3. 

They state many facts which establish in a great degree the gradual improvement of 
system and the soundness of these principles. 

The following took place with respect to the high roads (Routes Boyales) of the 
Departement de la Sarthe, somewhat less than 250 miles in extent : — 

PcrMaoL 
In 1793 a demand was made to put them in complete order . £15,280 or £60 

In 1824 the demand was about 9,000 „ 86 

In 1886 „ „ 7,760,, 31 

InlS39 „ „ 6,640,, 26 

And the roads have become better concurrently with the redncUon of cost in main- 
tenance, from being in 1793 in deep ruts, to 1SS9, when they were in very good 
order. 

Fart of the great road between Lyons and Toulouse, till 1883, was always in a 
dreadful slate, and yet cost habitually about £110 per annum per English mile for 
maintenance, when M. Berthault Ducreux introduced a system of patching instead of 
general repairs ; since when, the road was gradually improved, Ull it was in a very 
good state^ and the annual expense reduced by £13 or £14 per mile. 



* Tvoojvninjr the s\irfi»cc with Ji pick whenever new material is bud on is qtiite necessary when 
a n<ni \»yir„i ; thcv«e who arpie that it is unucccssan* or wrong, mu5t refer to roads that are soft, 
in which c;*»o it will Iv more neuuiilj' iMnesscvi into it, and then also the stone may be broken larger. 

t It is Hot meant to ci>nvey the idea tbat the pnvurinj; of material and even the carting ia 
nttt attondeii also by a groat proix^rtion of manual lalx>ur, Init to a smaller amount in equal 
exiwttdituroa, and much of it to a difFerout and 8U|ierior class. 
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Another instonoe i< quoted, where^ prior to 1837| the ayerage amount of broken 
stone had on 83 miles of road was 6000 cubic yards ; under the improTod system in 
1837y 6000 ouhic yards were applied ; in 1838, only 1350 cubic yards ; and in 1839 



This last ease, howeyer, may haye been one of those where they have fouod 
in France the system of heaping masses of broken stone as the only remedy for a 
degraded state of road had led to a great superfluous accumulation of material, in 
flkiJiy instanees amounting to 12 and 15 inches, and in some actually to 3 and even 
4 feet. In such cases they haye subsequently gone on for years attending to drainage, 
form, and keeping the road dean, and applying yery little or no fresh material for the 
whole time. 

In another instance the cost has been as follows : — 



Year. 


Expenditure. 


Total. 


Material. Road Labour. 




£ 


£ 


£ 


1830 


548 


166 


714 


1831 


563 


188 


761 


1832 


496 


161 


647 


1833 


500 


167 


667 


1834 


433 


177 


615 


1835 


898 


145 


543 


1836 


380 


160 


540 


1837 


360 


178 


638 


1838 


180 


233 


413 


1839 


250 


800 


550 i 



In 1837, when it was taken up on the new system, the road required considerable 
improyements ; in 1840, two-thirds of it were in perfect conditioD ; and whenever the 
whole might be re-formed, it was calcukted that from £400 to £440 would keep it 
peiftei. 

Rut more complete illustrations are to be found in the road from Tours to Caen, in 
La Sarthe, which was in 1836 in so bad a state that an official report of 3rd May of 
that year announced, that without a special credit of £2000 towards it, and a fjrcaX 
nddUvmal provision of material^ there was danger that it would become impassable : 
m January, 1837, it was put under the charge of Monsieur Dumas. 

The expenditure upon it for some years before and after that period was as 
follows : — 



Year. 


Expenditure. 


Total. 


Material. 


Road Labour. 




£ 


£ 


£ 


1832 


872 


195 


1067 


1838 


708 


205 


913 


1834 


745 


236 


981 


1835 


671 


280 


951 


1836 


684 


293 


977 


1837 


584 


504 


1088 


1838 


445 


456 


901 


1839 


412 


420 


832 


1840 


271 


392 


663 


1841 


163 445 


608* 



♦ It i» worthy of remark, in the above Tables, how by the improved mode there ifi an 
iacareaM of road labour, and a reduction in ooosumption of materiaL 

bb2 
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In Atigost, 1838, this road was reported to be in a very good state, and since then 
it has become better and better. 

In 1834, the mail reqoired always five horses, and the road was then so bad that 
the postmaster lost eleven by the hard work in one year. In 1837 it required four 
and fiye horses. In 1838 the number of horses was reduced to three ; and in 1843 
there were only two of middling quality, and the postmaster lost none from that 
cause. 

In this same district, in consequence of the improvement of these roads, siuce 1839, 
a number of lighter public carriages has been established ; they have now (1843) four 
wheels, are drawn by one horse, carry nine passengers, and go between seven and eight 
miles an hour : previously, the carriages for the same number of passengers had two 
wheels, two horses, and went slower. 

There are somewhat less than 45,000 miles of high road in France, over which it 
was reckoned in 1885 that seventy -five horses in draught passed daily, exclusive of 
passenger carriages, each horse drawing an average of one French ton (1000 kilo- 
grammes, equal to about 19} cwt. English) besides the carriage, and the cost of 
drawing of each ton per league (about 2| miles English) was reckoned to be one 
franc (lOd.). This would make the expense of the draught of merchandise over the 
high roads in France between 20 and 21 millions of money per annum. 

These French Engineers calculate that there might be a saving of at least one-third, 
say of £7,000,000, to the public, by maintaining the roads in the best possible condition, 
from that on which these calculations were made, which they affirm may be done 
without a fraction of increased expense ; on the contrary, by a reduction in the expen- 
diture on road repairs. 

So great an effect is not to be produced in Qreat Britain and Ireland, because the 
high roads are not in so bad a condition as they were in France when this calculation 
was made ; nor is the accumulation of broken stone so great as to admit of abstaining 
altogether from the application of fresh material for a considerable period, as appears 
to have been very much the case in that country on the introduction of this improved 
system. 

Cut principally there is an advantage there in respect to climate, — the wet weather 
being only calcult^d at one-third of the days in the year, and the dry at two-thirds ; 
nor is the material perhaps relatively so cheap as in Qreat Britain, and consequently 
the saving on that item would be less in this country. 

Still there is very great room for improvement in the system of maintenance of roads 
in the British Islands from even the best now practised, which is by frequent patching, 
to that of c<mstant attention, determined prevention of the collection of dust or mud, 
and the application of finely broken stone, carefully blended in with the old in small 
patches on the frst appearance of inequalities or deficiency ; and if the variable and 
more damp character of the climate is unfavourable to the wear, and to the sweeping 
away of the waste matter in the shape of dust, it affords the advantage at least of pre- 
senting greater opportunities, even in summer, of applying the broken stone, which 
cannot be done during dry weather without artificial watering. 

The principle of unceasing and minute attention to the road requires a different 
mode of proceeding from that of occasional working at intervals. 

It will require men on constant duty for every part of each district. 

lu England, men have been employed on this principle, called mtVemen, and with 
great success. 

In Fi-ance it is very general, if not universal ; they are called cantonniert. 

Such men must reside in the inunediate neighbourhood of their district, and, if 
poonbl^ they should be very near the middle of it. 
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* 

The milemen in Eogbmd seem to be considered generally as a class of gangsmen, 
iiid haye labonrere under them in proportion to the work that may be required at 
different periods. 

In Franoe the eantonnier frequently does all the work, except on Tery special 
esses of need, and some importance is attached to allotting such portion of road 
to each man as he may be able to attend to by himself, and as will give him full 
employment. 

The advantages they propose by this is to render the expense more regular, — to 
encoorage a spirit of pride and emulation among them, and thus stimulate their 
ingenuity and exertions ; the entire and undivided responsibility resting with each. 

What with attention to drains, to the shape and trimming of the road, to the 
remoTal of loose stones, and to very ft^quent sweeping, preparing material after it 
may be brought to the places of d6p6t, and applying it where needed (which latter 
must be done in wet weather), it has been found that the work may be made constant 
and generally pretty regular throughout the whole year. 

Under the French system the extent of road given to each man must be nicely 
regulated, so as to give him full employment, and yet not more than he can perform ; 
and this adjustment is one of the greatest difficulties in the system, as the efficiency 
and economy of the maintenance will greatly depend upon it : if the district be too 
Ujge, the man cannot do justice to it ; in that case, some mud, dust, or loose stones 
must be admitted, or inequalities allowed on the surface ; the question will be how 
much it ought to be, and the regulation becomes indefinite and incomplete : if the 
district be too smaU, it will not be easily detected, as he will hardly confess it, or 
perhaps even be aware of it. 

The object of the preceding remarks is to endeavour to establish— 

That to obtain the best of roads requires much more constant attention than is 
now bestowed upon them ; and that there is great reason to believe, that generally 
this may be done without incurring any additional outlay. 

That the drainage ought to be more effective ; and after that is provided for, the 
two leading operations requisite are, 1st, Perfect cleanliness — that is, the removal of 
all dirt from the road before it has time to collect in any sensible degree ; 2ndly, The 
patching of every inequality, so as to preserve the surface perfectly smooth, and to 
proride for the waste in small quantities, and by material of the very best quality 
thai can be had, immediately that the most minute wont is perceived. 

If a road that has four inches or more thickness of broken stone upon it is in bad 
condition, the proper process will be, not that ordinarily pursued of immediately 
laying two or three inches of fresh material along its centre, but to commence 
cleaning it of the dust or mud, then to make good the surface to an even and proper 
shape, pick up all the little hollows, fill them with patches of broken stone, and to 
pay subsequently constant attention to those same operations. 

OBSB&TATIOKS AKB IXPLilTAnOKS. 

The dirt will be removed chiefly by the broom, and will be far more valuable as a 
manure for land than what is now obtained. By removing it rapidly, and keeping 
the snrfEMe even and firm, there will be very much less of the stone-dust, which, 
except in limestone, causes poorness in the manure ; consequently it will consist 
chiefly of the dung, dead leaves, and other extraneous matter deposited upon it, 
which is in much greater quantity than would generally be supposed. This may be 
illustrated by the dirt that is collected, where there is much traffic, even on the best 
pavements, the wear of which is in this respect as nothing. 

It is well known that the more dean and free from dirt the broken stone laid on 



ff^U fn, iU tiHUr ; Vj UjiAg it dovn in repiun on * dirtj raid, yoa are maiiifeslly 
Intnttfonn ibin mU, mmI siixlog ap with it * quantitj of matter that la tbss aeknow- 

7htt «mpl/>/meat of tb« toughest and heat material for the broken atone la of fiur 
m/zr* impfrttknrAi on tbia than on any other lyaiem ; the rednetion in the qnantitj 
^'finrim^'l will, ander moat circumstancea, make np for the exoesa in ita price; and 
thai r#*^lnHlon «$NiieritialI/ leanenn the amount of every gpeeies of the work. 

()Mi f(rAai a/iraniage of a hard eren cnut at all timea is, that it will bear hr 
gr«at^r wuiyhUi with equal thicknesaes. An instance is mentioned, in one of the 
I'rorwih workHf of a loful of nearly fifteen tons being drawn by thirty-three hones on a 
nhrt\tinti havinjf wheels of 0^-ineh tires, over three qaariers of a mile of a good 
rtinTAilamixod roa^l of only four inches thickness of metal, without leaving any per- 
O0)iilbln traro ; tlioroforo, a perfect road, kept to an habitual thickness of eight 
or niiia InnlirN, will not only l^e sure to be perfectly substantial, but will in timea of 
noii(l Uifir a nonNidornblo period of wear and tear without fresh supplies of material ; 
atul ilio r(Mlu<;tion being Tory gradual, there will be a power of materially regulating 
tliP laliuur connociod with that supply by the demand for it. Thua at present^ the 
|{lvpn (|tian titles of stono must be prorided throughout every year and at precise 
perioilM, whereas by tlio proposed mode, tho supply may be reduced in seaaona, or for 
A whole year, when labour is plentiful, and increased when there happens to be distress 
fur want of work. 

Whrro roads are to be kept in such perfect condition by minute attention over 
ferry |m»*l of tho surfaoOi it becomes of much more importance that they should not 
lie wlttor boiwiMju ' lo wator-tables than may afford ample space for the traffic ; and 
luti widening out irregularly, and without any necessity, as may sometimes be 
wUni^M^Hl, 

It niUHt not Ih> a)«Aumcil, in ca^es where a road is greatly improved, and the outlay 
on it UK'ty r^amiu tlio same, that no saving is effected ; because a necessary consequence 
of Au inipr\>vtHl n^d will l^e increased traffic, and therefore the expenditure will be 
U'M as ivm|>art\l with th* service it renders. 

The vHvit, howewr, of maiutonauce of roads^ as compared one with another, will hj 
no Mieaus U always iu pr^^^tortion to the amount of traffic ; among other matters 
that will vudut^nvH^ it may be— nature of soil, hills, relative level of road with tte 
e%Mili^\iou» UiuU greater or !«» exposure to the sun and wind, quality and piiee 

With wtx'>ri^iK>» to the T>?;gtilar rvavlmen, as proposed, some remarks oeeor. 

Thv^Y nij^y W $<ltvle\i fh>m the most diligent, trust wv^rthj, and iatelfigeBt 
UK'utvr^ : and as tht^y shoukl be retained as a eonstant estahUahmcst^ asid om 
^'tMi^whal stt|vrivMr allowanciM to the ordinarv Ubonrer, the twaflsfjmakt will aeate* 
».'*r\v vf <f*Kvur*^w«rut Ikvr that v'iawa. 

tW >»v*t.» tho«^h vVttslaat* wiU K? of a lighter, m-.^re cfcauily, and keahky 
s'^^r^.^t^r th^a tii,»5 o*'^ the orvluwu^ day-bK'ar^r on the r?ads as preseaK wka 
i* Av^»s«fct:^t vUy A^^r daj w;»aiB5f « vi^r ««d. la FraiKV th«rr describe Imvis^ 
ft.*MH» >»l* l^-w vviwsaatt »ett ys.'VfiUf/ftmkrf^ at et^tr tmjk cf a^ ia aaptoyvcHl «B 
tiN^>.l xjU»ir«.Ni» ; i»ok^ atttc^ e^f i^ wvrk ^ ji> U^t ihsal <T«ii wxnaaa or 

ttKr Wt$t^ .'( rvnU tta^icier >r^dur^ x oim ouui 3zj^ vvt vndbir 7cui;^fir 
j»$.v*iw» \\vrt* ,«e V 5ij:>ie ax^ee i bi SArrvw r.iai^ v?£ t«t wuil tra2fiu\ tikas 
^'V ^ Kcx^fc^v^v ^MM /OL ^tx«i ,(t;X'^ a^ |c^tCc<» ^usoiSH »r ^ot asua ^>(cal prsteh^ 
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260 And 270 yards of rood of firom 15 to 18 feet wide in a middling state, and double 
the distance if in a perfect state : suppose his charge to be one mile and a hal^ he 
oonld therefore sweep it all over three or six times per month, if the weather was 
dry, and he had nothing else to do ; in general, howe?er, one or two complete sweep- 
ings per month was found to be adequate. 

Something may be said on the manner of operating on the system here recom- 
mended, and on some of the tools that have been found useful in this mode of 
maintenance. 

Every little inequality or hollow in the road is to be repaired very early, and while 
it is smalL It may be observed that these are always of a round or oval form, and 
therefore the square or rectangular patches which the workmen are usually inclined to 
make of them are wrong, and a waste of material. 

Picking up the surface before the patching with new material is only done to a 
depth of about half an inch, rather more at the edges than in the middle, and if some 
of the finer particles can be raised and laid over the broken stone as blinding, the 
effect will be improved . 

The stone for patching should be broken fine (say to 1^, or at most IJ-inch ring) ; 
of those broken to dimensions not exceeding 2 inches, one half or more will be 
suffidently small, and the rest can be reduced. 

The use of a rammer and mallet is of great service on new-laid patches of broken 
stone. A rammer weighs from 11 to 22 lbs., with a surface of about 6 inches in 
diameter. This is applied to the new-laid material, and gives it a certain degree of 
eoDsistence ; the impressions made by the horses* feet or by wheels are rammed 
to an even sur&oe i^gain, which is far better than raking over the inequalities ; if the 
fidl of the rammer is not sufficient, a mallet of similar weight and surface enables a 
greater force to be applied. Whether rammed or not, another description of mallet or 
fiaitener is very useful; it is of from 18 to 22 lbs. in weight, with a surface of 12 
or 13 inches diameter. 

These tools, though inferior to the roller, have been employed very successfully in 
the consolidation even of new roads, thus : after the broken stone has been laid in 
proper shape, a very slight sprinkling of gravel, or other fine dean small 8tu£^ 
is spread over it ; as the carriages pass, the rammers are used to level the ruts and 
traces of horses' feet, &c., instead of raking. In this manner roads have been 
brought into a firm, smooth state in two months, when six were consumed to produce 
the same effect where not rammed. 

Whenever looee stone is to be consolidated, it is absolutely necessary that it 
should be wet ; if the weather is dry, there should be artificial watering. Even in 
patching the road, the same should be attended to, if possible ; at least, the con- 
solidation will never take place until there is wet. 

After a long period of dry weather, even good roads will begin to loosen ; watering 
and the rammer or flattener will quickly put them to rights. 

The dirt of a road is removed with most fitcility as dust ; the next most favourable 
state is as very liquid mud, because, in either case, a broom is sufficient for 
eolleeting it. 

The best qualities of brooms for different circumstances will be readily ascertained 
by experience, and, no doubt, means will be readily found to make brooms of con- 
siderable width, say two or three feet, either to be worked by hand in the usual way, 
or on wheels in order to facilitate the operation. 

The collection of dirt swept up must be very carefully packed on the side of the 
road, in a manner to form no impediment to the water draining ofif from the surface, 
and should be carried away altogether very $o<m. 
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The laying of dust by 'watering, as is the oBual practice, instead of remonng it, 
is a pemicions and expensive system. 

In the first place, it requires the freqnent application of large qnantities of water, 
and forms at once a mass of mud, as may be frequently witnessed : this mud tends 
to a more rapid grinding and wear of the surface while it lasts ; but during very dry 
weather it soon dries up, and requires the operation to be again repeated. It is, in 
fact, instead of removing the evil, substituting another for it, and one which requires 
to be constantly renewed. 

If the surface were hard, and the dust carefully removed, a very light sprinkling of 
water might be applied to much-frequented roads in dry weather, as a luxury. 

It will be said, perhaps, and may be acknowledged, that sweeping up great quan- 
tities of dust would, in itself, be an intolerable nuisance, but the object is to prevent 
any great accumulation, by commencing as soon as it begins to form ; and the sweep- 
ing may be done either in conjunction with a slight watering, or very early in the 
morning, when there is little traf5c, and little to be disturbed by it, and when the 
dew of the night will tend to prevent its rising so much. 

"Where watering is practised, there are few cases where a very great saving in that 
costly operation might not thus be effected, and applied to the removal of the dost or 
mud. 

ON MACADAMIZBD ROADWATS IN LARGE POPULOUS TOWNS. 

There may be doubts as to the policy of macadamizing streets of cities and popn- 
lous towns, on account of dif5culty of perfect drainage ; frequent wants of the full, 
free effect of sun and wind ; and impediment, by reason of the constant great traffic, 
in the way of the necessary perpetual attention to the removal of waste matter and 
application of material. 

It is apprehended that a perfeH pavement is eventually cheaper, and altogether 
preferable, excepting in one particular, namely, the noise; the wood pavement is 
subject to inconveniences that have hitherto been insuimountable. 

Dublin may be given as an instance of the effect of macadamization in much- 
frequented streets.* 

The superintending engineers there appear to pay every proper degree of attention 
to their duty ; the ordinary proceedings are practised, and yet it must be confessed 
(1843) that the roadways are in a most unsatisfactory condition, and anything but 
fulfilling the requisites of good roads, namely, being cleans hard, and even^ at aU 
seasons. On the contrary, they are in winter, or wet weather, habitually covered 
with mud, and in summer they would be as deeply overwhelmed with dust, but for 
profuse watering ; they have, in fact, at all times, a thick coating of dirt on them, 
mixed up with the broken stone of their substance, to the very foundation. 

In winter, a large expense is incurred in scraping and removing mud ; but it is not 
sufficient to keep it under in any essential degree. The nature of the work may be 
judged of by the very name which is given to it, * Scavtngering.'* In fact, the men 
are nearly ankle*deep in mud, as they move to and from the line of stuff they are 
scraping up. 

A small portion of the scrapings is sold as manure, at 6(£. and Is, per ton ; it 
is that chiefly which is taken from the few paved streets ; the remainder (from the 



♦ Frequent allusions are made to Ireland, Ijccanso tliis article was originally drawn up 
during a service in that country. 
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macadamised streeta) is carried away and deposited as spoil at the expense of the 
FaTing Board. 

The watering, though not miiTersal, is applied to almost all bat small streets. It 
ii paid for in a separate rate by the inhabitants of the streets who apply for it 

In summer, the roadway, excepting by being watered, ii left very mneh to itself, 
the oidy other operation being to lay down occasionally patches of broken stone 
where the surface gets so bad that it cannot be delayed.. 

The result of the laying down the stone at that season (and sometimes necessarily 
in Tery dry weather) occasions great inconvenieDce and waste. The horses and 
carriages, when forced upon it, suffer in consequence. The material will not, in spite 
of the watering giyen to it, consolidate for yery long, but some is cast about loose, 
and much is crushed ; in £act, unless it crosses the whole way, it acts chiefly as a 
beacon to warn carriages, as long as possible, from those parts. 

The material la, however, chiefly laid down in winter, and is gradually consolidated 
hy the traffic, commencing in the ordinary manner along the edges ; but by such 
means, and surrounded by mud, there is a yery great loss before the portion that 
ultimately remains becomes fixed. 

It can hardly be doubted but that means might be devised for greatly improving on 
this system, and obtaining better roadways, even at the same expense. 

It would not be easy to define at once, in every particular, exactly how it is to be 
done ; but it might be worthy of experiment. 

The two principal measures to be adopted or ameliorated are — 

let. To keep the roadways always clear of any collection of dirt upon them. 

2nd]y, To fix on the means for laying down, in the most advantageous manner, 
the broken stone that will be necessary to maintain adequate thickness for bearing 
the traffic. 

First, WiUi regard to the cleaning, it will be done chiefly (it may be hoped 
eiUirelif) with the broom.* It will x)erhaps be difficult to be executed amidst all the 
traffic, but not so much so as would appear, judging from the present state of the 
roads ; because it is contemplated that at no time will there be more than a very 
alight quantity of dirt to remove, and that chiefly of the matter dropped upon the 
Bur&oe. 

It is imposmble exactly to foresee how often each part will require to be swept 
over ; the most frequented ihorough£ares perhaps daily, others from that to once 
a week, or even ten days, the least being on those that are paved and least traversed. 

It is to be understood that this operation will take pUice in summer as well as 
winter, in the driest as well as in the wettest weather, though perhaps not so often. 

How the sweepings are to be put together and carried off will be another arrange- 
ment for experiment ; the point will be not to waste horse-hire by keeping the carts 
lingering all day over perhaps two or three miles, yet at the same time so to dispose 
of the mass collected in the street as not to be in the way of the traffic or scattered 
about until the cart shall come round for it. 

It ia suggested that any medium course of partial clearance — that is, making the 
streets somewhat more clean than at present, would certainly lead to failure ; it 
would cause an increase of exx>ense in one item, without a compensating reduction in 
others : it must be the endeavour to keep perfectly dean^ and free at all times from 
mud or dust, whatever parts may be submitted to the operation, so that every wheel 
may roll over the hard compact surface of stone alone. 
This can only be partially effected on the present road surface, the whole mass is 



Thia \& dono now in many parts of London.— Eo. 
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mt dmiAf mix^ up with diri, bni nuy be done perieeUj after erery nooeenTe general 
i|/r«!a/Jifig (t( l/rokcD stone hereafter. 

If ih«M «treeU were eonstaoUy kepi perfiecUj clean, hard, and eren, and the 
roaUrt-ial wm of a tough good quality, the actoel wear of the sorfaoe would be 
extremely ftroall, leae, no doubt, than an inch in the year, eren in thoee most 
fre«(U6Uted ; the wbeel% in fact, would be running oyer a smooth payement made of 
Niiifili materials.* 

HliU, even at that rate, it would be more conyenient, where the intercourse is 
nearly InoetuiaDt, to baye the supplies hud down occasionally in general masses, in 
prrferenoe to the course recommended for roads under other circumstances, by 
minute reiairs excltuivtly ; because in this case the small additions would be too 
fiofiueut and general, and more especially because in towns the more extensiye 
Mpriiadlnif of broltcn stone can without difficulty be greatly consolidated at once by 
rolling. 

It is suggested that the thicknoas of consolidated metalling need neyer exceed 
about nine inolios, nor ever bo less than four or five ; when reduced to that minimum 
the Burfaoo should be loosely picked, and about four or five inches of broken stone 
laid along the street, and most completely rolled, with the necessary blinding on the 
most approved system. 

It is IndispenMable that it should be made thoroughly firm ; it would then bring 
the outer oruit fhtm four or five inches to eight or nine, according to the importance 
of the street. 

The new-laid material mast be well attended to, and rolled until it is perceived that 
U is iH^rfoot in form, and so solid that neither wheels nor horses' feet make injurious 
Impression ou it. 

This will be the substance for regular wear, and it is calculated will last two, three, 
or more years ; small depressions, inequalities, or want of form, as soon as they can 
be ))eroelv«Hl, being minutely corrected from time to time, by picking the sur&oe, and 
then )4itehiug with sntall quantities of stone, br\>ken fine. 

There are 7^ statute miles of streets under the Dublin Paving Board, of whieh 52 
(vf U\e ui\>st impo^rtaut are macadamised, and S4, chiefly inferior thoroughfiues, paved. 

The ex^M^use ivf their maintenance in the year IS 42, exclusive of sewers and foot- 
way, Aaggtag, v^c, was — 

£ 
For Macadamisation and paving .... 11,036 

,« Scavengering • 7,394 

„ Watering 1,842 



20,272 



FisMS the &iel ile« ab^it £HSO sasy be d«daeiea as tlie expenses of tlhe p«y«d 
slxvels^ ^ vH^\»Ujp^ grav^ jtcw« kaviag ;t^>5^ fs>r the isaeaiaasbalkv. 

Tttae wv have 4Ll\$:i:i f^r the co«t c£ Hiaintenaac^ «/ the streets^ exchaifte of 
l^vin^ sHNe»ui^^ 4lv\« whWh iM^ W se^^ixMed to leauua as at pcvsenk. 

>(^%lh rv^arvl a> the nr^akiv^ expeaee of the ^v^fteon m^w pcv^^jee^ » cest^ttred wilk 
IW aWvev wx^ «hall havv tW t^wti^ xlesa» «»f bgenMse : — 

I. TW 9Uv«l kftKmrk uit sw>w(HJig^ hnvv^ ^heai cke^r ef locse sscaei; aai of nil 
4(e^'«fcl ^ <fjLtraMc<» stoater» t>fcarh.t,rrg t^ liulie iu^ica^ue^ shas ik%t ecntz; 
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wftUhing And mAinieiuuiee, until tbe mateml, or what renuunt of it» thall be finally 
efmnoVtdAiofJif and eren then in a rerj imperfect form, nnleas great pains are taken 
with it. 

The rolling i*, in fact, effected, bnt in the most diatressing and ezpenare manner, 
and hj carriages and honee very ill adapted to it. 

These erils may be entirely prevented, the road pnt at once into good working 
Oondition, and, certainly, a considerable erpenae eventually saved, by thorough 
syHtofnatio rolling ; nor onght any road to be considered as made until that operation 
Hhall 1)0 completely effected. 

Throe reasons have probably operated to prevent this principle having been acknow- 
]e<1((0(l and acted upon. 

1. Bocanio the traffic on the road will, sooner or later, do the work, thereby 
apparently rodaoing, in a small degree, the cost of the original constmction or repair. 

2. Because a roller is not usually at hand, and from its weight and unmanageable 
oharaoter, It is roost inconvenient and expensive to be removed from one place to 
another, so that in most oases one would have to be constructed for the purpose, and 
NuWquontly bo useless. 

n. Much uncertainty, as yet, as to the best manner of operating, its efficacy, and 
oxponso. 

The flrst reason is founded completely on error ; it is manifest that this manner 
of ooniploting the road by the traffic is most inconvenient, and occasions enormous 
sacrifices by the parties using the road, and consequently a great loss to the public in 
gonoml ; nor can there be a doubt that the actual expenditure on the tubtequent 
ftiWy m<iiM/rHciM(Y of the road itself is greater than tcould be incurred by at once 
ofirratintj thorimghlif with the roller. 

With reganl to the second reason, there are many ways in which the objection can 
bo greatly alleviated. 

Although there is some justice in the third, and that the most perfect mode of 
p^HHKHUl\g \* not ytl perhaps understood, there is so much useful effect to be 
piNHlucetl by any» that ii is surprising thai it has not been reduced to just principles 
by ex)^rimenl« ami generally adv^pleil. 

The )vraeU«*e of rolling has been rare, and almost entirely confined to gentiemen*s 
dtmw ai Wk ainl oc«msi\Nnally to the macadamised rv^adways in some cities ; bat in the 
Ulhcr^ it is Wlievx^. without the application of sufficient means for t^ purpose. 

ThiMre are vvrii^in cv^n^f^iderations which matj serve as guides to arrive at just 
tvMK'^UtixXtt* wilK r«^i\i to this proc«din^. 

\. .V tolWr sIkmxVI «tx>t be tvv hearr in propcrtioa to its bearing sorbee, or, instead 
\>f Kaxli«^ the material ift the positive and fortu buvi dowu anl de&ied, it will 
it WK>(V vvr K'«!t icK^ the »:;Sj4ratum ; Mvu4t of the nalertal will ikes becosae 
a»Hl \t will be ^rr trottK^ts^v^^ t.^ oV4ais Ike Mvvssarr rcacsttaoe fer tke 

t. It >«>i5M iN^t Vf tsv :^c^t. oJT tic e^^ w-::i >* tsv ssjC erer to cairn ike ol^eci 
^n>^ ; ^'c at aaf rstA w;UNNKt ax eitcct c<' c^^rUdOQ ikat wc«ja Ke wery eoiUj 

tt «» Hhrtysi l>«t tW ^c^*^M^3^ Tvu<rt a^r t<v V^^it^ w^i:^ aaj iave tkrawm ike 

¥^v«r O^ «^>0>a M»«(%» t)»<r Vare a ivwkc ^c tw*.* .ksks^j^vms rr^Mcca. cMk of 
4 Vr4 j^*a.w»^e<^ M^A t i\>< f «v>^ ;t ^TuhK iwki.--v » 1^ * Viaraa^ *^ 5 ieet ; it 
wv<^:V t V«»i» $ x'^V . va>^ twv> V-CM<^ art as»^^«^< v fv )«i )^ wick is cxmd> 
id^T^ Wa^> ^ is sjf^Ou^a V «»x>h^^ )ar<^ ''^^ laaxcaw a »rw ScRHOMBa. smI 
siKKiA aft %Milt 4C faaeej^ li "wc^eti ^titr ^ ^^RT^ >i^?«ic « wfcftisii It st saii as 
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eomolidate tlie roadway Teiy effectuall j, bat might proliably be improved by adding 
to its weigbt.* 

From other recorded trials, however, there is reason to believe that a road roller 
Bhonld not be lighter than 28 cwt. for every 12 inches lineal of bearing on the road ; 
that ii, if four feet wide, that it shoold weigh 5 tons 12 cwt. ; if three feet^ 4 tons 
4 ewl, kc ; and that it shoold only be applied to the npper surface of alL 

A roller somewhat heavier than 28 cwt. per foot would be more effective, but it is 
better after that limit to gain the object rather by adding to the number of times 
pssBxng over the surfitce than incur the inconveniences of the heavier machinery. 

This is one very interesting point to prove, namely, the relative effects of light and 
heavy rollers, taking into account the number of turns required by each. 

8. For effect, the wider a roller can be, the better, because the operation will 
be more quickly performed, and because, in proportion as it is narrow, will there be 
a tendency to force the broken stone laterally from under its action ; but» as the 
weight must be in proportion to its bearing surface, the width must be limited 
to a degree that will prevent that weight being too unwieldy ; a very narrow roller 
might also have a tendency to overturn. On the other hand, one that is very wide may 
take up too much room, if the road is open to traffic durmg the time of its use. 

4. Hones should not be obliged to use very great exertions in drawing a roller, or 
the action of their feet will discompose the loose stones very inconveniently ; therefore, 
18 the draught is very heavy at firsts and never very light up to the last of the opera- 
tion, they should not have more than from 10 to 12 cwt. each to draw at firsts nor so 
mach as a ton each at last. 

5. It would be desirable not to put more than four horses to such a machine, because 
18 the number of horses is multiplied, it becomes more difficult to obtain a perfectly 
imited effort from them ; but on the above data a roller of 4 tons maidmum weight 
might be too small for the best service, and as six horses may i>erhaps be applied 
without much inconvenience, it is proposed to give that number as a limit, and to 
allow 5 tons 12 cwt. as the maximum weight for the roller ; this, at 28 cwt. per foot 
of bearing, would give it a width of 4 feet. 

From the Continent we have records of several trials that have been made of late 
years of the effect of rolling new-laid material on roads ; although there are dis- 
crepancies in some of the particulars, there are many in which all agree ; and in 
ill the practice has been strongly recommended. 

The one that seems to be the most practical is a roller described as first used in the 
Prussian provinces on the Bhine, and from thence introduced with some modification 
into a neighbouring district in France. 

It consists of a cylinder of cast iron of about 4 feet 84 inches wide and 4 feet 84 inches 
diameter, f On the axle, by meaos of iron stanchions, is fixed a large wood case of 
6 feet 44 inches long, 5 feet 84 inches wide, and 1 foot 8 inches high, open at top. 

This roller has a pole before and behind, in order to be able to draw it in either 
direction without turning ; the hind pole is sometimes used to assist in guiding it. 
It has also a drag, by the pressure of a board on its face, in the manner used for 
French waggons. 

The cylinder and other iron-work weighs nearly 2 tons ; the case and wood-work 
about 19 cwt., making the whole 2 tons 19 cwt. 



* A abort street (Herbert Stro'etX made in 1836, and then well rolled, had never required 
rvpaSr or new material up to the time of writing these notee (IS^) ; it ia > good street, but 
not a great tbaraaghture. 

t ThflM and other dimensions are necessarily tn odd numbers, owing to reducing them firom 
FroDfch measures and weights. 
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The etw will eontam a wdght of itone ai 2 ions 19 ewi. wlien eompletely loaded ; 
therefore the entire weight can be brought np to 5 tons 18 ewi. 

Six Mtrong horses worked it well. 

It is passed oTer the entire surface of the road onee or twice without any loading, 
and weighing ocmsequently nearly 3 tons, to obtain a first settlement of the loose 
material; then one or two turns with about 14 ton loading, making H tons; 
and then the last turns, making ten in all, with the full loading, when it becomes 
5 tons 18 cwt. 

Traversing 12 miles, it will thus completely roll about 3000 square yards* in one 
day, or about a quarter of a mile of road of 21 feet width. 

All accounts agree as to the absolute necessity of applying some grarel or other 
sharp, gritty, Tcry fine stufif on the surfiice, during the operation, without which it 
will not be thoroughly bound. 

The consolidation commences with the lower part, which is the first to get fixed 
and arranged ; and when, after about six turns over the whole, the upper layers haye 
become tolerably firm and well bedded, some sand, or stone-dust, or, what is best of 
all, sharp gravel, is very lightly sprinkled over it by degrees at every suoeessive 
rolling, solely for the purpose offiUing up the interstices of the broken stone, and nolt 
to cover it ; about 3 cubic yards in the whole per 100 square yards (equal to about 
an inch in thickness if spread over the whole surface) will be required. It is essential 
that this small stuff be not applied earlier, or it will get to the lower strata, and not 
only be wasted, but prove injurious. The object is that it should penetrate for two or 
three inches only, to help to bind the surface. 

Provided the upper interstices are filled, the less gravel used the better ; therefore 
it is applied by little and little after each of the three or four last successive passagea 
of the roller, and then only over the places where there are open joints. 

After the work, if well done, is completed, it is stated that such is the effect that 
the upper crust may be raised in cakes of six or seven square feet at a time, which it 
could never be without the gravel. 

The effect may be improved also by having the upper inch or two of stone finer than 
the rest, say, to pass a ring of 1^ inch or 1^ inch. 

This work should be done in wet weather, or the material will require to be profusely 
watered artificially. 

It will be better that it should not absolutely rain, unless very lightly, vAe» the 
gravel is applied (although the stoning should be wet), as it will cause it to adh^e to 
the roller, and even at times to bring up the broken stone with it. In frost it is of no 
use attempting to roll. The state of the material, as regards its being wet or dry, 
will have great influence in the success of the operation. 

The form of the road will be best preserved by rolling from the two sides towards 

the middle, and not commencing along the latter. 

The calculated expense of the work in France was — 

£ 8. d. 
For six horses and two drivers, per day . . . .14 

For six labourers attending on the road, assisting at the 

roller, levelling inequalities, spreading gravel, &c. . . 7 



Total for 3000 square yards . . 1 11 



* Borne of the calculations are not glricUy in accordance with the data, because the data them- 
selves arc not given in minute fhictional parts, and consequently the reduction of the results will 
show a difference ; but it is very small, and of no consequence in a general consideration <A the 
matter. 
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being about one pennj for eight iqiiare yards, or one penny per running yard of road, 
twenty-four feet wide, and amoonting to abont £7 58, per mile. 
For Ireland these prices would have to be increased, thus — • 

£ 9. d. 
For six horses, with drirers, per day 17 

For six labooreiB, oils, id 8 



1 15 



It is considered that a modification would be desirable in this foreign roller, by 
making it only four feet wide ; its weight might then be, with its box for the 
additional loading, &c., about 2| tons, which with an extra loading of 2 tons 2 cwt. 
would bring it to the 5 tons 12 cwt. for its extreme weight, at 28 cwt per foot. 

Such a roller passing ten times over eveiy port, and working twelve miles per day, 
would require five days, and the operation cost aboat £S 15«. per mile of road, of 
twenty-four feet wide completed. 

The gravd ooght to be considered as material, but in this case it is an addition to 
wkat would otherwise be applied ; the cost therefore must be added. 

Suppose it to amount to one shilling per cube yard, the expense, at thirty-six 
eqnare yards per cube yard of gravel, will bo about £19 da. per mile of road of 
twenty-four feet wide. 

This would bring the whole to an amount of £28 per mile. 

Howerer perfect the rolling may be, there will be at the end a slight elasticity and 
yielding of the surface^ which will only become quite firm and hard after some day^ 
traffic, say firom six to ten when tolerably frequented, during which its form and 
smoothness must be carefully attended to ; add, therefore, £2 per mile for that extra 
work, and the cost will be £80 per mile. 

The expense of the operation of the roller (independent of the gravel) is so small, 
tliat if the w^ght is under-estimated, so that the width of the roller should require 
to be reduced to three feet, thus adding one-fourth to that part of the outlay, or that 
it would requure to be passed a greater number of times more than calculated, that 
increase would not be of essential importance on the gross amount. 

If artifioial watering should be necessary, that expense also must be added, but it 
▼onld be smalL 

The subsequent wear of material, under proper care, will be most trifling. One 
French Engineer states, that where the rolling in this manner has been successfully 
performed, thero has never been a necessity for applying above one cubic yard of 
broken stone per 800 square yards of road in the next year ; that in one iostance only 
one cubic yard per 1500 square yards was used, although on a road subject to the 
passage of 400 horses in draught per day ; and on another road no fresh stone was 
hud for three years. 

To make a moro direct comparison, however, of expense^ it may be assumed that a 
maeh greater diminution of thickness will take place in the consolidation by the 
traffic than if effected at once by the rolling, because the narrow wheels of ordinary 
carriages penetrate into the loose matter, and force the lower part of it partially into 
the subsoil. The displacement, and grinding, and crushing is also very great ; 
whereas, in rolling, the entire ia preserved and in its proper place : it may therefore 
not be too much to estimate, that if it require ten inches of loose material to bind into 
nx inches by the ordinary process, as it probably would, eight inches, well rolled, 
would give the same ; if so, the saving at once would be very great : thus, suppose 
the covering of one inch of stone to cost as much as two inches of gravel, that is, if 
the gravel ia valued as above, at 1*. per cubic yard, that the stone be valued at 2*. ; 
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then we have four times the cost of the grayel, which was stated to be £20 per miiey 
or £80 to set against the £80, estimated expense of rolling. 

If the rolling effected a saving of only one inch of the broken stone, still the cost 
of that one inch wonld exceed that of the rolling, including the gravel. 

This last calculation is given only as a proof of the saving, and not as recommend- 
ing the reduction of the mass of material laid down to a minimum ; on the contrary, 
as the roliiDg of the surface is a fioal measure, and requires no renewal until the road 
is worn to a minimum thickness, the most economical plan probably would be to 
apply a considerable degree of substance at once, enough to last some years, so as to 
reduce the number of periods when rolling would be necessary. 

In some few situations the very formation of the road may be made subservient to 
its rolling. 

In the construction of a new road over the Carey Mountain, in the county of 
Antrim, material for stoning the road was quarried in several parts of the mountain 
up to its summit. 

Some carts were made with wheels of four-inch tires, and the laying of the broken 
stone being commenced close to the quarry, the work was carried on from each quarry 
down hill, the loaded carts being taken over the new-laid material, working 
systematically over the entire width of the road, and discharged, below, returning up 
the hill light. By the time the work was completed, the road had acquired in this 
way a considerable degree of consolidation without extra labour. 

A roller of the weight of five or six tons may be worked up inclines of one in 
twenty by increasing ihe number of horses, but not steeper ; if at all exceeding one in 
thirty, it would probably be better to apply the roller in its lightest state, and increase 
the number of passages. 

It is very desirable to complete rapidly what is once begun, but it is attended with 
the disadvantage of taking up short lengths at a time, which leads to the occasion for 
turning the roller very frequently, a manoeuvre that is particularly inconvenient. 

Although certain dimensions and weights are suggested to be likely to prove the 
most efficient, any other kinds that happen to be in possession might be tried and 
adapted to the above principles, which will usually require weight to be added with 
the successive rollings : this may be done in various ways according to circumstances 
and situations ; the most simple will be a large case on the roller, for loading with stone. 

In or near towns, iron weights might be used instead of stone, partly on or 
suspended to the axle, within the cylinder, or in a case outside, which might be then 
much smaller, and the weight be more compact and more easily shifted ; or for use 
IN a town, when the most efficient dimensions and weights were ascertained, rollers 
might be prepared of two or three qualities, that is, all of the same extent of bearing, 
but of cylinders of diflferent weights, from the lightest to the heaviest, and brought in 
succession on to the work. 

Note. — This whole question is pre-eminently one which requires the superviaon of 
government officers, both as to the construction and repairs of all roads in the vicinity 
of large towns, as well as all main thoroughfares in any positions, in order that some 
efficient system may be uniformly carried out, instead of so important a public matter 
being left to the control of local boards and vestries. — Ed. 

ROCKET ARTILLERY.*— Congreve rockets are now supplied to all troops of 
horse artillery and some field batteries, but great differenoe of opinion exists as to 

• Chiefly from the * Royal Artillery Handbook for Field Service.' See also * Pyrotochny,* 
184. 
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When the wind is in fronts add half a degree to the alwve elerationa ; when in rear 
dedoet the same amoont. 

Rasoes at which Shell Rockets mat be expectbd to bvbst. 



Whole length of fuse 

Fuze bored oot 

Solid bored to within 1 '5 inch of i 
top of hollow in 24-ponnder, > 
and 1 inch in the other natures ) 



3-Poander. 
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1 
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12-Poaiid«r. 


1 
Si-Poonder. 


TAEM. 
2400 

1000 

i 450 

1 


TAEDC. 
3100 
1600 


TAU)8. 
3SO0 
2000 



Hale*8 rocket has not a stick, bnt the base, which is in form a frustum of a cone, 

has a large Tent hole through the axis, and 5 small holes, called '' tangential holes,** 

cut through its surface into the rocket in an oblique direction. The object of these 

holes is to give the rocket, hj the escape of the gas through them, a rutarj motion 

round the larger axis, causing it to proceed point foremost like a rifled projectile ; bnt 

it is considered that the rocket will soon lose this motion by the consumption of the 

composition, and will strike the object in an uncertain position, and without the issue 

of flame, which is so important. 

C. R. B. 
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HAXITARY PRFXAUTIONS.* 

In * \fn\A'if»i*'rti lik/j th^ yrtuhni, it has nvt been considered necessary to insert a 
r»f/ full My\ tiUWprAtii %riin\b cm a sabject of so general and extended a nature as that 
unAtfT f/mnuUraium ; while on the other hand, a work on Military Sciences would be 
greatly wanting in coropleteneaii, were no notice taken of such sanitary questions as 
littwjnm Ui4 health and well-being of the soldier. The writer of this paper has there- 
firrti c/mfin^'d himself to tliat portion of the subject, and has founded bis remarks 
fjhU;fly '/n the recomroendatioDS of ^he commissioners appointed to inqolre into the 
Muiitary condition of the army, in 1857, who nambered among themselves, or received 
th<f t^wtirnony of, the leading men of all professions connected with the working out 
of this important nubjoct. 

On eompsring tho various statistical returns, the commissioners found that the 
mortality among tho troops, during peace, was considerably greater than the average 
among tlio civil population at the same ages ; although the soldier is a picked life, 
both nt flmt entry and by continual weeding through invaliding, pensioning, &c., 
wlilln titu eivil population Ih burdened with those primarily unhealthy, and wiUi dis- 
charged inviilldod soldiom, besidcH vagrnnts and all kinds of dregs of population unfit 
for any usi'ful omploymunt. 

Thr onuNes ansigticd for the high rates of mortality in the army are such as of 
thnmnolvos to Ihj jirfjudicial in all states of society, vis. : — 

1. KxpoDurc at night. 

1!. InU«mperance and debauchery. 

!1. Want of exercise and employment. 

4. (crowding, l>ad ventilation, and defective sewerage, &c. 

And the (luestion, of course, arises whether these are greater than in the civil 
(HipuUtion. 

1st. Tho night exposure is not excessive, nor at all approaching that of the police 
foixv ; but tho inj\uy it* probjibly much increased by the guard-rooms being generally 
very warm, and the niea lying down in their great coats, and then going out in a 
stnlo of pr\^fuse pei^spiration to st:iy two hours in the night air, and retaming 
oAeu with thoir twats thoivughly wettotl with rain to again lie down for a few hours, 

5i«d, IntcuiiH r*«cc and delviuchery. There does not appear any reason to suppose 
thai th<» jK^ldior is mor^ int<'miM>rate than the general class from which he is taken, 
ihvr ar^ diK^scs of tho dipestive organs, which are said to be those usually resulting 
fVvMu intorop<»ranv>^ as |>r>pva]ent as those of a pulmonary character. Debauchery 
Uttvlx>uVtevlly is nu^^e prevalent where birp? nuail^crs of comparatively young men are 
ma«$>c\l t^vcther in toww;. as soldiers an?, Thb lea^ls to serious disease, grvally in- 
one*5«fd K the s.^'o.kr v\\co«oalhig it, and it ultimately a£rtt.«ts the cocstitutioA, but is 
»^ bt ar^ r.:^tvkr.$ ^u^v-sent tv^ accv ant for the grtat m.^rtality. 

5tv1. Waat oi" <.\er.*;s* ar.d emrK-^Tment. This appears to be one twt ;«^)2x£e aouite 
«f ^i^«(«;$)f ia ly^" anry, W::h the cXv>fpt:oa of the small amount of lalv«r exj^nded 
ia ^-.-ytr^r^i: l.i$ Ax\vctr«««i*» tiie iafAr^trr «ics3i:^r s re^lar ejiereis^ is ctf the scst 
»»**.«,'c-.c5 .•'larscKr, ari pirforracsi ;n coj:*irjua<^ aaJ u&«casifrs;a^ axut«des. 
I^ rr.AisT i:r."x.i*ijei rite c-f tt^ru^-ty in the carjdrr. iS-fi u 1* "^ kit be «»- 
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The testimony of the non-commissioned officers is to the effect that the men feel 
uncomfortable in the morning, while to themseWesy going in from the open air, the 
scent was so intolerable as to render it necessary to call to the orderly to open the 
window at once. The writer can speak from experience to the same effect, he having 
frequently been obliged to stop to have the windows opened before he could enter a 
barrack -room for the purpose of making an inspection. 

The question then arises, — what can be done to lessen this enormous mortality ? — 
an evil productive of great expense to the country, even apart from the higher motive 
of saving life. 

The first cause of disease does not admit of any remedy beyond that of providing a 
more effective kind of clothing for the men on sentry during a wet night, and making 
it Imperative on the officer or non-commissioned officer, in charge of the guard, 
to see that this outer coat is removed on returning to the guard-room, before lying 
down. 

The second cause may be greatly lessened by providing efficient remedies for the 
third ; and specially, by taking every opportunity of endeavouring to lead the 
8oldier*s mbd to higher and holier aspirations, by presenting to him, in all its fulness, 
the Gospel of the Grace of the Lord Jesus Christ ; noi through com/m/<ory attendances 
at church or chapel, but by the earnest heartfelt converse of men, of whatever rank, 
who know and can testify, from their own experience, the satisfying nature of the 
love of God implanted in the heart of a pardoned sinner. 

For the third remedy, it has been often suggested that every sort of encouragement 
should be given to the men, to strengthen their powers, both bodily and mental, by 
athletic exercises and such out-door games as tend to develop the muscles and produce 
activity and endurance. It may be looked upon as a matter of consideration whether 
the men might not be advantageously employed in Government works, and 
especially on the necessaiy repairs of barracks, barrack furniture, &0., at a small 
daily rate of pay. 

A room for reading and in-door games has also been strongly recommended, with 
a refreshment-room attached where the men might be provided with tea, oo£Eee^ and 
tobacco. 

With reference to the fourth evil of overcrowding, Ac, some of the remedies are 
very simple, for it is easy to arrange that the rooms shall be inhabited by a less num- 
ber of men, or in new barracks to see that the rooms shall be built for and allotted to 
such a number that the cubical space for each man may be not less than 600 feet, and 
that the beds may be placed at least S feet apart from edge to edge, and witli not 
leas than 10 feet between the ends of the beds when turned down at night. 

The urine tubs should on no account be used, but either earthenware utensila 
substituted, or slate urinals constructed outside the sleeping-rooms, with running 
water through them, as has been done at the Duke of Tork*s school. 

In all barracks where they do not exist, ablution-rooms and baths, laundry and 
drying-rooms should be constructed, and provided with an abundant supply of pure 
water. Also proper quarters for the non-commissioned officers and married soldiers 
should be built in all eases. 

All rooms for the use of the men should be well warmed and lighted, gas being 
used wherever practicable. Means should be provided by the erecti<m of Grant*a» or 
any other approved apparatus, for ftnaMing the men to bake^ frj, ftc, so as to 
ensure a variety in the cooking, and, if practicable^ a Tariety in the food itself 
riiould be adopted, and a sufficient quantity given to suppljc the proper amount of 
nutriment, the whole being provided by the Commissariat to ensure good quali^. 
All open privies with cesspoob should be abolished, as iigurioos alike to health and 
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deeency ; and seated cloeets, wholly or partially closed and screened, shoald be sub- 
ititated, vith either a continuous flow, of water or the means of flushing the channel 
Mreral times a day to carry the soil into a soitable sewer. All sinks should be 
double-trapped. 

Where practicable, the barrack-rooms should hare windows on both sides to 
ensure proper Tentilation, and openings should be made both near the floor and close 
under the coling for the same purpose. Where the buildings do not admit of this, it 
may often be feasible to introduce a hollow girder, open at both ends to the external 
air, but dosed at the centre, at each side of which, on the underside of the girder, 
openings may be made to allow of the ingress of the fresh, and egress of the foul air, 
according to the side from which the wind blows. Any of these openings, however, 
will require gratings over them, or some means adopted to prevent the soldiers— who, 
like most of their class, are ignorant of the advantages of pure air and water — from 
stopping np the aperture. 

In every case, before new barracks are built, the various procurable sites should be 
earefullj inspected by some one well versed in sanitary questions, who should also 
be consulted as to the arrangement of the plan. 

In taking the field, it would be well that a competent sanitary officer should 
always be attached to the Quartermaster-Generars Staff, who should be especially 
charged with the selection of sites for encamping, and the arrangements of drainage, 
kc.f and whose opinion the commanding officer should be required to follow, or 
assign a reason for doing otherwise. 

The character of the dress, and its suitability for the particular climate in which the 
soldier may be employed, should be specially attended to, so as to ensure freedom to 
the limbs, and the absence of pressure on the head and feet> with proper protection 
from the aetion of the weather. 

HOSPITALS. 

Having considered one point very important in connection with the health and 
mortality of the soldier, viz., that all means should be adopted, as already 
suggested, by improving the food, accommodation, &c., to prevent his becoming ill, 
it is necessary to refer now to the means to be adopted Xo obviate an undue amount 
of £atal result among the cases admitted to hospitaL 

The site of a hospital should always be dry, and, if possible, gravelly, with ample 
space around it, and with easy communication between it and the different points 
from which it is to be supplied. It should also be capable of being easily drained, 
and the most perfect kind of sewerage should be adopted, and kept as much as 
possible dear of the building. Water-closets should in every case be constructed in 
lieu of privies, and, with the urinals, sinks, &c., cut off from the hospital by a well 
ventilated lobby. 

The minimum space aQotted to each bed should be 1200 feet at home, and 1500 
in tropical dimates, with a minimum distance of 4 feet between the sides, and 12 feet 
between the ends of the bedsteads. 

An ample supply of natural light and ventilation should be secured by making the 
building in separate pavilions with windows on opposite sides, and sufficient provision 
for warming and lighting, according to the season and weather, should be made on the 
xequisition of the medical officer, without further authority. 

It is important that the walls and ceilings be made of some non-porous material, 
sudi as Dutch tiles, Parian cement, &c., instead of brick and plaster, which absorb at 
one time and give out at another the noxious gases formed in the room, and are not 
eapaUb of being washed. The stairoases and landings should be of stone. 
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lAntorita, batbi, tuid bauU4^ir;i, uitb all (ba beat arnuigraieati, Blonld be eou- 
■trncted in eonaection with Ibe ettablithment, &nd nngM erected in the Icitdieni 
to admit of nutsttBg and itewing m veil u boiliog, for Tirielj. 

Id the Geld, hospital m&rqaeea shonld aeeompaiij each dlTisioD, and ehanld b« 
•applied irith a complete equipment of all the oeceuacy atorea, fur the caarejanoe of 
which a certain amount of horse and wheel tnuuport ahonld be penuanenllj 
prorided. A regular arrangemeDt ahoald be made for the homo tranaport of those 
vho seem equal to the TOf age and are not likely booh to recoTcr. 

As far oa the armj is eoncenied, manj of tbeee recommendations hare bsen carried 
out with marked benefit, the deaths per 1000 having been redaced to the same 
proportion as iu the ordinarj population ; and the true fignre for picked Urea in a 
bvonrable poaiUon, viz., 7 per 1000, Eeemx, according to Dr. Parr's report for 1840, 
(0 hare been attained. 

SAP. — The whole nihj«ct of Sapping, or mak iug wa; towards an enemy under cdtct 
from his fire, has aasnmed a perfectly new aspect since the introdnotion of the preaeiit 
long range and rifled arms, and is now andec inveetigatioo. It appears, huwerer, 
neceraary, till lome better way is ascert^ned and fuUy adopted, to iuaerl a deacription 
of the preaent mode of carrying on the work. The naps are of rations kinds, na. 
Single, FItjing, and DaubU. 

SlKOLB Saf. 

This is of tn-o binds— kneeling and atanding. The kneeliog aap is constrneted in 
the following manner, and reqniiea the ondermentioned men and materials, ris. : — 
1 N. C. Officer and 4 Sappers, i pickaxes, i shorels, 1 Mp roller, 1 sap fork (long- 
handled), 2 ditto (short-handled), 1 measuring rod (S feet), 2 gauges (IS inches), 
1 ditto (20 inches), 1 mallet, a few short picketa, and a supply of gabions, aap fiiggoti, 
and 0-fODt fiiscines. 

The men are nomhered fi-om 1 tu i — Nos. 1 and 2 working on their kneea, and 
3 and 4 standing. 

No. 1 excarates a trench 18 inches wide and deep, leaving a berm IS inches wide 
between it and the gabion, which he arranges with a laiaU sap fork in contact with 
the sap roller or mantlet placed at the head of the sap for protection. At the janetion 
uf erery pair of gabions, and of the first gabion and sap roller, he places a aap &ggot 
or two aandbage on end, one abore the other. He most always work in rear of a filled 
gabion, and never place an empty one till he luia loosened sufficient earth to fill it, 
which he should do by dropping the earth carefully in, not throwing it over, occa- 
sionally striking tlie side of the gabiou to shake down the eartL After he has filled 
two gabiona, and prepared earth for a third, and placed it in position, he goes to (he 
rear, and replaces No, 4, who beecmea 3, while 3 becomes 2, and 2 becomes 1. 

Ao. 2 widens the trench of No. 1, SO inchea. He helpa No. 1 to paih forward the 
tap roller when required to place a fresh gabion, and crowns the gabiona with fwdnes. 

No. 3 deepens the work of No. 2, ISincbes, He helps to posh forward the mantlet, 
if necessary, and asBists No. 2 in placing the fascines. 

No. i widens the trench 10 inches, to the full depth of 8 feet. 

These three Noa. throw the earth just outside the gabions placed by No. I, and 
hand up to him, when required, the gabiona, ssnd bags, or sap faggots. Bach sapper 
has a length offi feet to exeavale, bnt is not restricted to the width given, which may 
be increased, ta occupy the lime. The work proceeds at the rate of iO or 12 feet per 
hoar in easy, and 5 or G feet in difficult, soil. Figs. 1 and 2 are the plan and section 
of the above sap, showing the task* of the different men. 
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with up-rotlera enongli to covar tiia up heul and >t lust btlf i gabion ou each aide, 
gabions, eap faggoU, or sand bags, and 9 feet fastines as reqaired. 

EzKouTiaK, Baving fixed on the spot for the centre of the sap, a put; will pall 
down ail pabiona so as to leave a clear apace of 12 feet to the right or left of that 
centre gabion according ns tlio first trarerse, of which it forma tlie angle, is to be to (he 
left or right of the sap. The earth Is then cleared from this epace to the groond 
level, and thrown into the trench, whence it is removed at onc« hj another vrorking 
partj. The sappers place fire gabions to form the end of the traverse, and a like 
number on the opposite aide, and the working partj continne to clear away to the 
level of the bottom of ti-cocb, a berm of one foot being left on each side next the 
gabions, making first of all, lisinf; to the gronnd leTel, a ramp, np which three 
G-feet, or two 7-feet sap rollers ant pushed, and arranged to cover the working party. 
Ail«r excavating to the foot of Ihe parapet to the full depth, three or two more sap 
rollers are pugbed np and placed in line with the others just ontside the firet tniTfirae, 
Nob. 1 and 2 of the three sqoads dig a trench, jast in front of the traverse, 2 feet wide 
and 3 deep, from which they push on iLeir sap beads. Sot. 1 of the right and left 
squada bMng at the eitrenjity of the little trench, and No. 1 of the centre, H feet 
from the left berm. . Nob. 2 will follow at S fe«t distance, and when they have nnived at 
10 feet from the front of first tiaverw, they place 7 gabions at rightangleato the direc- 
tion of the lap, and 12 feet distant from the gabion of the lirst traverse. They then 




work toward* one a«ollier, filling the gabions, except the two next the parapet. Nm. 
1 and 2 of the right squad eontinoe to work forward. No. 2 left then passes through 
aA«r No. 1, aod leaving 6 feet dear, goes on to widen Ho. t's work. No. 8 left thm 
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foUowB, and works to the right to meet No. 2 centre beyond the traverse ; they pUoe 
the 7 gabions forming the other side of the traverse, and fill them, except the two left 
ones, as before. When the passage is finished round the traverse^ No. 3 left blocks 
op the opening and fills the fonr gabions with earth from the tongue in the centre. 

On arriving at the end of the second traverse, No. 1 centre works to the left 
obliquely, so as just to dear the end of the third traverse; remembering, as a check, 
that when the centre sap has advanced 12 feet towards the left, it should be 9^ feet 
from the left branch. He then saps straight on past the end of the traverse, and 
vhen dear, obliques to the right to pass the fourth, and so on. He lays the earth 
ilteraatelj right and left, to screen himself from stray shot. (Pig 3.) 

The third traverse is formed by Nos. 2 and 3 right, assisted by No. 2 centre as 
befi>re, taking care never to close the opening till the communication is established 
round. 

It 18 to be considered a standing rule that no sapper should continue at work in 
rear when room can be found for him to work at a more advanced part of the sap. 

CoLOiniL Jebb*s Double Sap is commenced differently from the Direct^ the sap 
roUers being passed over the parapet before any earth is removed. To do this, the 
loIkrB are lashed to strong baulks passing through them all, and then other baulks 
about 6' X 5", are placed across the trench, so as to rest firmly on the parapet and the 
top of the reverse slope. Four men then push each sap roller as high up the baulks 
M possible ; two men raise the rear end of each baulk, while six men push the rollers 
▼ith sap forks, and two others with the 4 N. C. Officers hold on to guy ropes and ease 
the rollers gently down the slopes of the parapet into their proper places. 

The three squads then commence sapping by kneeling sap through the parapet^ and 
eonstroet the double sap as before, except that the fint traverse has only three 
gibions in thickness instead of six ; and that the centre No. 1 works direct to his 
fronts instead of passing round the end of the traverses ; by which course the alternate 
traverMS are cut in two places. The following are the men, tools, and materials 
required for this sap^ vis. : — For passing the sap rollers over the parapet — 1 N. G. 
Officer, 80 Privates, 82 fathoms l^-in. rope, and 4 pieces of timber for lashing the 
rollers, 8 baulks 6" x 6' or 6" x 4", 4 pickets 4 feet long, and 2 pieces l^-ineh rope 
Mdi 5 fiftthoms long, for passing the rollers over. 

For the sap itself: — 8 N. C. Officers, 12 Sappers, 12 pickaxes, 12 shovels, 8 sap 
forks OoDg'luuidled), 6 ditto (short-handled), 3 measuring rods (4 feet), 1 ditto (10 
feet), 6 gauges (18 inches), 8 ditto (20 inches), 8 mallets, and some pickets ; sap 

roUerBy lap fiiggots, gabions, and fiudnes as before. 

C. R. B. 

It may be well, while treating of the sap, to refer to those portions of the completion 
of the attack which are commonly carried out by this mode of working, as they have 
not been noticed in the previous volumes. 

*?rhen the approaches come within easy musket-range of the salients of the 
eovered-way, short parallels, 100 to 150 yards in length, are extended to the right 
and left from the angles of the sigiags, for the purpose of posting firing parties of 
isfisntry to oppose the musketry-fire of the garrison. These are called Demi- 
foratUle; they serve also to support the head of the attack when more than 
halfway from the second paralld to the place, and their extremities afford good 
positions for Cahoms and royal mortars, which throw shells into the covered-way 
with very destmctive effect. To protect the infemtry firing from the trenches, the 



* Rrom the printed papers, Boyol UlUtary Academy. 
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parapets are raised by placing sand-bags on tbem so arranged as to leave loopholes 
at the proper intervals. Daring tbe close attack, the besieger's success will greatly 
depend on keeping down the masketry-fire of the fortress. To this end, every part 
of the trenches which admits of it should be made available for musketry, so that, if 
possible, such an overwhelming fire may be brought against the garrison as to prevent 
them even pointing a musket over their parapets ; and rifle-pits, or screens, are 
formed In front to hold from 2 to 10 men each. When the approaches arrive near 
the foot of the glacis, or within 120 yards of the salients of the covered-way, trenches 
are again carried out to the right and left, which, being extended till they meet, form 
a Third Parallel. This is necessary to connect the heads of the attack, and to 
establish a secure position where the besieger may ooUect materials and make other 
preparations for attacking the covered-way. The besieger's operations being now 
confined to the salients on which he has been approaching, and the space between 
them, the third parallel need not be extended on either flank more than 300 yards 
beyond their capitals. 

The operation of forming the lodgments on the crest of the glacis is termed 
( rooming the Corered-Way. This is lometimes done by assault, but only when the 
defences have been so injured or the garrison is so weak and dispirited as to render 
KiKcess highly probable. Against a strong and spirited garrison, such efforts to 
hasten the progress of the siege are generally attended with defeat and disaster, and 
after sacrificing many valuable lives in an unsuccessful assault^ the besieger has to 
resort to the slower but sure process of systematic approach. When it is decided to 
crown the covered-way by assault^ a quantity of materials sufficient to form the 
lodgments is collected on the reverse of the third parallel, and portions of it on both 
sides of the capital are formed in steps. 

When everything is ready, the storming party rush into the covered-way, and 
drive its defendei^ into the re-entering places of arms. They are closely followed by 
a working party, who trace the lodgments, as well as the communications to tbe 
l^arallel, by flying sap, and cover themselves as quickly as possible. When sufficient 
cover is obtained, the storming party retire into the lodgments, which need not 
be extended further than necessary to insure possession of the covered- way. When 
it is intended to proceed by systematic approach, two trenches are broken out by sap 
from the thinl |>arallel, one on each side of the capital about 40 yards from it. 
These are directed inwards, to meet on the capital about 30 yards from the parallel, 
forming what is called the Circulcu- Portion. From this a double sap is carried on 
the capital to within about SO yards of the salient, where saps are pushed to 
the right and left along the slope of the glacis, about 20 yards beyond the pro- 
longations of the crests of the covered-way, extending somewhat inwards, so as 
to enclose the salient, and terminating in a return at an obtuse angle, about 
8 or 10 yards in length. The parapets of these returns and of about 15 yards 
of the trench at each eud are then raised high enough to command the salient place 
of arms. From these high parapets, which are caled TrrHch Ctiralifrt, tbe besieger's 
musketry soon fi^rces the garrison to evacuate the salient place of arms. A double 
sap on the capital, or two single saps from the inner ends of the trench cavaliers, are 
then pushed R^rwards to within six yards of the crest of the glacis, where the 
lodgments are commenced. 

Though the principles observed in the former part of the attack are adhered to 
during the subsequent operations, yet their details will vary considerably when applied 
to f>rtifications of different constructions. Those, however, who dewrly understand 
the attack of one kind of fortification, will have little difficulty in comprehending the 
ModUkfttiotti applkaMe to the other. We wtQ therefore seleei> as an example, a large 
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polygon of the French Modern System, which may be considered the ordinary bastioned 
system in its most improved form. From the great saliency of the rarelins, a besieger 
most take two of them before he can reach a bastion. We will therefore suppose onr 
attack to have been carried as far as the salient place of arms of two ravelins, it being 
the besieger's intention to penetrate to the bastion between them. 

While the approaches are made from the third parallel on the two ravelins, a 
double sap is pushed forward on the capital of the bastion, and a fourth parallel is 

»^toQ constructed to connect it with the trench cavaliers. The lodgment on the glacis of 
escfa ravelin consists of a trench, commenced by double or half- double saps, parallel to 
the ereet, and at a distance of six yards from it, so as to leave a sufficient parapet, 
to protect which from enfilade and reverse fire from the face of the bastion and the 
opposite ravelin, traverses are made by single sap at right angles to it. The lodg- 
ment on each flank of the attack, being extended as far as the prolongation of the face 
of the ravelin, is converted into a battery to breach the face of the bastion through the 
opening afforded by the ditch of the ravelin. The lodgments on the other side are 
extended as far as the third traverses of the covered way, the double sap is continued 
on the capital of the bastion as far as the foot of its glacis, and a fifth parallel is con- 
itmeted, connecting it with the lodgments on either side, which are then converted 

^l»t- i]|^ batteries to breach the ravelin. While these breaching batteries are constructing, 

Btintotbe the besieger commences his descent into the ditch of each ravelin, by means of a great 
gallery of a mine extending from the lodgment to the bottom of the ditch. The 
gillery of descent may be on either side of the breaching battery, but it is better to 
eoDstmet it on the side next the salient, as the ascent of the breach will then be 
better oovered from the fire of the bastion. It should never have less than three feet 
of earth above its roof ; its slope should not be steeper than one in four, and should 
be so regulated as to reach the bottom of the ditch, when dry, three feet below its 
sm-fihce, to meet the bottom of the trench crossing it. It should enter a wet ditch a 
foot or two above the level of the water. It will often occur, particularly with wet 
ditches, that from the inconsiderable height of the counterscarp, the gallery of descent 
will not have sufficient earth over its roof when passing under the covered-way ; in 
that case it should, if possible, be carried under a traverse, and the passage round 
the traverse filled up with earth or fascines. Another mode of descendiug into a 
ditch is to drive a gallery from the lodgment on the glacis to the back of the counter- 
scarp revetment, and there lodge a charge of powder to breach it. This is called 
hlawrng in the counterscarp. The breach thus made will form a ramp into the ditch, 
to which a communication may be made from the lodgment on the glacis. 

e Qrtb« When the ditch is dry, a passage across it is effected simply by means of a trench 
^' made by aap, extending from the opening of the gallery to the foot of the breach, the 
flank defences being subdued by the battery on the crest of the salient place of arms, 
assisted by musketry and vertical fire. After the breach has been made practicable, 
the fire of the breaching battery may be employed to drive the garrison from the 
summit of the breach, or to destroy a parapet wall or escarp gallery, should such exist 
. on either side of the breach, from whence the garrison might oppose the passage with 

te wet musketry. The mode of passing a wet ditch will depend on circumstances. When 
the water is stagnant^ a passage may be made without much difficulty, by constructing 
a causeway of fascines, which should be loaded with stones to make them sink, and a 
parapet of the same material. The fascines should be passed from hand to hand by 
men stationed in the gallery for the purpose. l^Iuch time would be saved by con- 
structing two galleries of descent, as was done by the French at the siege of Antwerp 
in 1882, and making use of one of them to build the parapet, and the other the road. 
When a current of water flows through the ditch of a fortress, the difficulty of i)assing 
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it is Tery great ; and if the stream be deep and rapid, or the garrison have much 
command of vater, so as to be able to empty and fill the ditch at pleasare, the diffi- 
cnlties are almost insnrmoantablo. The passage must be made either by constmeting 
a causeway sufficiently strong and high to retain the water till it finds Tent through 
other channels, or with openings to let the water through ; or by means of a floating 
bridge or raft. The former mode most always be impracticable, unless the height of 
water to be retained is inconsiderable, in which case a dam might be made with loaded 
fascines and sand-bags, and openings might be left in the lower part of it for the 
passage of water, by sinking a frame-work of wood, or casks and large gabions, with 
their axes in the direction of the current. According to the opinion of Vauban, '* there 
is no other mode of passing which can be depended upon ; for to employ trestles, flying 
bridges, or rafts, it would be impossible to work at them under coyer, and there would 
be found neither security, possibility, nor utility in their construction."* Cormon- 
taigne, however, describes the construction of a floating bridge of fascines, which was 
employed with perfect success at the siege of Fhilipsburg in 1734. It consisted of 
layers of fascines, alternately crossing each other with hurdles between, and fastened 
together by pickets ; its width was 48 feet at bottom, and its thickness 6 feet, with a 
parapet formed by a double row of gabions, with three or four rows of fascines on 
them, covered with fresh raw hides, to prevent their being burnt. Two such bridges 
were constructed in six da3rs, across ditches 20 toises wide, in which there was from 
12 to 15 feet of water, with a loss of not more than twenty men at each bridge. The 
current, however, could not have been rapid, as Fhilipsburg ia situated in a low, 
marshy country. It has been proposed to strengthen a fascine bridge by laying several 
rows of beams in it lengthways, with pickets four or five feet long, and pointed at 
each end, passing through them at intervals of about four feet. At the siege of 
Freibourg in 1718, by the French under Marshal Yillars, owing to the garrison pos- 
sessing great command of water, the besiegers found much difficulty in effecting the 
passage, and after thirteen days' work, with a loss of more than 100 men per day, 
they would have failed altogether had not Marshal Yillars contrived to divert the 
waters of the Therseitif which flowed through the town, into another channel, 
^gment on Marshal Vauban*s mode of gaining possession of a breach is, in Sir John Jones*s 

the breach. opinion, '*so simple, so bloodless, and forms such an advantageous contrast with the 

open assaults at the sieges detailed in his work, that every one must regret the 
inability of the army to have followed the same mode of proceeding. "f It is, there- 
fore, given as translated from the * Traiti des Sieges,* 

Preparatory to making the lod j^ment, a great quantity of materials must be provided, 
such as gabions, fascines, and sand-bags, and also a number of intrenching tools, which 
should be carried as far forward as possible, without encumbering the trenches, and 
piled on the reverse of them. Care must be taken that all the lodgments from which 
it is possible to fire on the part to be attacked are in a perfect state, and that the 
batteries of cannon, mortars, and pierriers, are in re.idiness to open ; and the officers 
commanding in the batteries and lodgments should have it fully explained to them on 
the spot, huw they are to act according to the signals made. 
UsatUtofa **The signal may be from a flag elevated on the lodgment of the covered* way, at 

such spot as shall be seen from all the batteries and lodgments. Everything being 
ready, the infantry will place their muskets through the sand-bags laid for their pro- 
tection on the top of the parapets, and every one will await in silence the signal to 
open his fire by the flag being hoisted, and to oease firing on its being lowered. 

• Vauban's * Traits dcs Sieges/ edited by Colonel Augoyat, p. 157. 
t Jones's • Sieges/ vol. ii. p. 372. 



oreaoh. 



SAP. S91 

'*Thu8 prepared, two or three sappers will ascend the breach — not op the centre, 
bat on its right and left^ next the end of the broken waU, where cover is usnally found 
between the part of the revetment which remains standing and that which has been 
beaten down. The two or three sappers will lodge themselves in these hollows, 
throwing the mbbish down, bat working upwards, and will procure cover for two or 
three other sappers, who will be sent to their assistance, the whole being prepared to 
kave their work on any advance of the enemy. Should that occur, as soon as the 
■^pers are off the breach the signal is made, and all the batteries and lodgments 
iostantlj open a heavy fire on the enemy, who cannot remain under it, but will 
quickly disperse. As soon as that is perceived, the flag must be lowered, and the 
Htppers again sent forward, who, resuming their work, will push it forward as much 
ai possible ; again abandoning it, however, whenever the enemy make their appear- 
snee^ which may occur a second and even a third time. Each time, however, that 
they do oome forward, all the lodgments and batteries, even those of the covered- 
way, must resume their fire, which cannot fail to drive back the enemy, and give 
opportunity to establish the lodgment. It will not probably be till the fir^t or second 
time of returning that the garrison will spring their mines (if there be any), and 
which may be considered an infiillible sign that they give up the work. These mines 
are unlikely to be attended with any great effect, for they may be sprung at a moment 
when the workmen are not on the breach ; or they may have been formed under the 
part where the sappers do not work, or at worst can only destroy three or four men. 
In the mean time the sappers will have prepared some cover in the excavation, which 
when completely ready, and not till then, must be occupied by small detachments ; 
bnt as soon as the garrison abandon the work, the lodgment must be made openly in 
the breach, and be well secared along the whole excavation, but not beyond it. 
Afterwards the work will be extended to the right and left along the rampart by saps, 
formiDg a portion of a circle which will -occupy all the terreplein of its fianked angle : 
from thence it will be carried along the two faces of the work till everything is duly 
prepared to force the intrenchment at the gorge." 

When it is dedded to cany a breach by open assault, a heavy fire is directed on 
its summit and the neighbouring defences, to force the garrison to retire from them. 
The storming party, which should be of considerable strength, then rush up the 
Iraaeh, followed by a working party with gabions, who trace the lodgment by flying 
■ap into which the storming party retire when sufficient cover is obtained. ' * Daylight 
is certainly the best time for storming works, when the troops can advance under 
eorer to the breach or point of escalade, or have the support of a powerful artillery. 
Bat when the garrison have preserved an extensive front of fire, and the trenches 
have not been pushed very forward, to storm in daylight can be seldom advisable, as 
the troopa would most freqaently suffer so mach in advancing as to be disabled from 
say serious effort when arrived at the breach. The most preferable time for such 
open advances is at the moment of daybreak. In the dark, the troops are liable to 
imaginary terrors, and being concealed from the view of their officers, the bravest 
only do their duty. When it is decided to assault a place immediately before day- 
break, the utmost attention should be given on the previous morning to ascertain the 
eiaot moment of its becoming light ; and the most energetic and decided measures 
snist be taken to insure the columns advancing at the instant fixed upon, as it will 
le found equally prejudicial to their success to be too soon as to be too late.*' * 

Of the various methods by which the attack may be carried forward against the 

• Jones's 'Sieges.' 
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nTdiB and redoabi, the foUovin^ appean as 
hat be olaerred, tkat Uk esearpi of redoiibts aad l e U ea tkfU aic^ 
cntnBstaDee% mvek man tmalj hrtaAtd bj mi»e tkaa by {na, f 
beim; gesenDj sanow, asd flank deftaees noi lazmidabley tbe 
attaebed ; 'vbereas tbe operatkii of anain^ a brea^isg baOerj 
is ctte of extrese diffieahr. 
ittackofnvvla ^Ve l^ixaect in tbe larelia k extended isvanis br evttia^ ssall aga^ 

in tbe tbkkness of tbe parap«t, comimnVatinj v bh trecebes %crom tbe tsrepleiB, 




vLidi a:« occcp^^d Vr mcskeinr to opsone tb&s c-f tb* redovbi. If tbe 
db:«U be able to maintain a fiiv of artQlerr &:<ei tbe &» of tbe bastka for tbe 
defeDce of tbe dxtcb cf tbe redi»bc« it i&aj be ibMessarr, be&ve attemptin; a paange, 
to eoBT«rt part <st tiiis lod^xBCKt into a ecvater-battorr to aabdae tbeir fiic^ la tbe 
Boxa time a xipa^ trencb in tbe drt^ of tbe nrelin i« caznid fnxiber in to tbe 
caarp, aad tvo gaDeries are ecsanKneed t» aKcsd into tbe iHA c€ tbe redo«bt» tbe 
oater one bein; a p«at gaOeiT, amd tbe otber coe a e3a»an gaBetr. Wben tbia laai 
bc«aks tbxv^^ tbe coaBtenenrp, a trencb benf earml mctam tbe diteb vill eaable 
tbe buMtgci td reaeb tbe escarp and breaeb it It n &!=«. "Bw tbe t»e tbe nune is 
readr to be ired. tbe great paOerT will break tbr>^;{b. aal a£vd a passage to a 
stocmis^ partT vb<> maj assanH tbe breaeb cnder ecTcr «f a £re cf a vketrj from 
tbe k^dpaents on tbf TaT«2in. Instead cf eccti'aring a caHerr frtna tbe diteb of tbe 
rainelin to tbat of tbe redr«l<t tbe besae^er s ainer aicbt stop balfvnr, and lodge a 
cbarfie srffwyat to crertbrov botb reretaent& lai^kTtj: a breaeb n^kt tbrongb tbe 
TaT«£n. aSordijK^ an easr passge to tbe dheb of tbe redovH. and br di^ np a por- 
t»c« flf tbat £tcb witb ixlbiab, enaUe tbe Kene^v t^ cztM it »ae casir. 

Wbea tbe besxger caias paaaew'rca of tbe rcdriKbi. tbe gaziim m«t abandon tbe 
euc^vm of tbe lav^eSn. c tbaalse tbeir reCnat wcmU be cat iM. YW be sMgti maj 
tbea, by a s^ixac in tbe £tob of tbe redtcbc reaeb tbe eaenrp «f tbe eo^wre, breaeb 
it by a mine, aad efet a lod p a eat on ik Fr»a tbenoe be takes tbe redonbt in tbe 
re-ea»n]^ p&aee cf anas ia xevene^ fxtxap ibe pcrwa xaaac«£aselT to retire froa 
ii. YW LidracBit on tbe giacss cf tbe xavviia s tbea exte»ied invnvds to tbe 
n iii<i'a|. piaae of ana& tbe d^icbiW sip is |siibiift {orvapos en tbe os^stnl of tbe bas- 
tMft, aaid k*ipnais €&<«<d on tbe crest of ito ;^aeu« v^kb axe oonrertod into 
<Kcator>battorxs t> asMt ix nKicinc tbe £re el t^ Aaxka. I^ d ikbes of tbe 
r^i«bci ix tbe n^ctaterbi^ biases of anu besz^ ntw viiboct £azk dffcnee, tbe 
besM^«r ssaj whb liiiie di&^r Voencb tbecr osaazps asti 
a3>i isake k^gaes^ts ia iben. vi.k^ be ooKTRt* Tsto basMBiet to 
Fr<-an tbe £wbe$ of tbe tm jcHs be sa^ aiko^ tbaae ti ibe imi«£ii. frcaa 
am^mtatoe* tbe desceu ixt«' tbe hh^t citob. Tl» and tbe aseeal of tbe bso a ib are 
ntaoe ia tbe ».>Se a^reafij desczt)«ed, and a liA^^mext it tbas c^Mtod on tbe 
fc tbe >ttitonL. Ftmber oftevaxkiBS w«*«}i dc^^eni ol tbe nasare cf tbe 
If it «br«j£ bare a V:^^ irc^~&xk<d esiearr^ it B4glt be iiiniiwiiy to bio a ib it by a 
sii»f ir bnzsiinTtg |-cn& as beircY ; if :ts fc-^-£je were tbat ^a leio<TOk, h migbtbe 
s3«'in&<^ >y illiu xj iis chA iKiil ik<c.li!is cr >;&^ ctf ba^ ir 'r.icu. or it a^t in 
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SHOT GARLANDS,'* either of iron or wood, are used to retain shot placed 
OQ DefetMei^ and their dimenaions and scantlings are shewn fig. 1. They preeerve 
Iheahoi from deterioration, and it is nsnal to place a tier of nnserriceable shot 
under the senioeable pile. A eazUiron gating added to the shot garlands recently 
lent from Woolwich, and shown in fig. 2, has been considered as an unproyement. 



Section on s f. 



Fkn and section of cast-iron shot 
garhmds for 8-inch shells; the 
ground- tier consisting of^nnser- 
Tioeable shot. 
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Fig. 1. 
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Fig. 2. 



Plan and seetiim of cast-iron shot 
garlands, showing the proposed 
gratings for the ground tier, for 
S-ioeh shells. 




Section on D fig. 2. 
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• By Lieutcnant-General Oldfield, RE. and K.H. 
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Fig. S. 

Flan and section of ihot garUods of vood £ar S-xndb-ahdQa, 

tier of nnserrioeable ihoi. 
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SHRAPNELL SHELLS.* — The Shrapnell is in external appearance like the 
common shell, bat it is made much thinner, and is filled with leaden bullets and a 
busting charge ; the conditions regarded being : — 1st. That the thickness of metal shall 
be snch as to resist the explosion of the charge in the bore of the gun, but to open 
readily with a small bursting charge ; and 2nd. That the bursting charge shall be 
merely sofficient to open the shell without affecting the flight of the bullets. 

In the original Shrapnell, the powder was poured loosely among the ballets ; a 
proceeding which resulted often in premature explosions, caused by friction ; but this 
risk was obriated by the improTement proposed by Lieut. -CoL Boxer, B. A., which con* 
siBted in separating the powder from the balls by enclosing it in a metal cylinder, 
extending from the fuze-hole down the centre of the shell, and filling the interstices 
between the balls with melted resin. Fig. 1. A much smaller bursting charge is thus 
required, and the shells can be fired with fall service charges, giring a greatly 
increased velocity and penetration. 



• Chiefly from papers by MayorOwen, R A. 
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TsE DiAiB^AOV Sbill (Pig. 2), inTenUd hj LicnL-CoL Boisi hu a wrought 
inn partition which wptmitM the ehtigs from the baUata. The bunting durge is 
naA ndoeed, *Bd the interetices between the bolleti tie filled with cm! dust 
iutead of lenn. Id order (o fiwilitats the boraUag in » proper muuiar, fimr grtMTCt 
IK cut in tho ioterior of the ihetl. The ballets are eompoeed of lekd and uitimon;, 
in order to retua their conwt apheriol fona. 





These shells are most efectiTe agaiiut in&ntrr knd earalry in nussei at consider- 
sUe laogee. The effect prodoeed ohiefl; depends on (he shell bnnting at the proper 
momeat, t. e. at Erom 20 to 80 jardi short of the object ; so that the artilleiist ibould 
nsgolate the fose to cause eiploiioa at >ban( GO jards short of the objeot fired at j in 
Older that the balls maj not strike the ground Gnt from the fiue being short, nor 
remain in the shell till it baa paned the object, from the faio being too long. 



Raitgtl o/ Diaphragm ^tlU, eonpUedfrom Pradiee. 



iruBi*. 


WidRbL 
of Quo' 




«"-'-■ 1 


* 


1000 


noo 


1200 


1300 


"«« 1 






lU. 


Elm- 
tion. 


r 


ElcTS-. Fuu 
u™, 1 in. 


EleT>-'F«» 
tion, 1 U,. 


Eleva- 

tlOD. 


Fill. 

■8 
■7 


EI»T«- 

tlOD. 


T 


S-ineh 
32.pr. 


escwi 

EScwl 


8 


3 
2 


■G 


31° 1 -6 

af |-5 


V 1-7 
2i t '8 


f 


■8 













NXm, 


Mean. 


WtflEbt. 


Biillati. 1 


Dl^Ur. 




Empty. BunMrt. 


Total. 


Number. 


Weight 




inches. 


laches. 


11.. V 


d™. 


lb. OI.'dlK 


ib.Wlar» 






a-inchorl 
6S-pr. J 
32.po<mder 


7-96 


1-026 


38,12 


.,. 




^0 


00 12 




338 


1 


fi-177 


0-788 


17 


H 






40 


20 i 


fl 


lai 


■ to 




5'5B5 


0-7118 


















lib. 
















■/!> 


10 12 


1 






12 „ 


4'iSl 


0-E67 


fl 








'in 


10' 8' 4', 7-2 


1 -21} 


B .. 


i'Oa 


O-iia? 


4 


i 






^s 






6 .. 


3 -SB 


o-i5se 


S 


6 




... |,.. 


10 


B| 8| S| 2B 





300 SIEGB OPERATIONS IN INDIA. 

SHUTTERS, EMBRASURE.* — The four accompan^ng sketches are intended 
to illustrate a method of fitting shutters to embrasuree, which is described by Albert 
DOrsr in his booh ' Unterricht too Befestigung der St&tte, Schloss, und Fleeken,* 
Nttiemburg» 1527. (See Plate.) 

Theee shutters are composed of long spars balanced see-saw &shion on a trestle 
OT«r the guD, and having a trifling preponderance to the front. Thus, at rest^ the 
fort ends dip to meet the sill of the embrasure (figs. 1 and 8), while the slightest 
toudbk behind is sufficient to cant them up (figs. 2 and 4), so as to allow of the piece 
being diadiaiged, on which the shutter is immediately let fiUl again. This is a rery 
ingemons suggestion, and seems admiraU j practical, from the fiidlity with which the 
shutter is constmeted and worked, the promptitude with which a shattered beam 
could be rei^laMd, and the toidencj which the slanting position of the timber would 
hare to deflect a bullet 

SIEGE OPERATIONS IX INDIA. 

.ATTACK OF FORTS AND FORTRESSES. 

rtncCtrLBS to ni«CLiTK the SATTUE op THX ▲TTACS.t 

1« la besiei^ing an loslian foftitess, it mar appa»> neeessaiy to obeerre thai a 
laUent an$le sho«U b«<lMsea as the punt of attack ; that the pcCtah xsnbwbv^ or any 
cUmt grvMsnd near the plaee> capable of aleidiBig eorer, shoull be ocenpMd, in order 
lv> diminwh the UKwr of making parallels and apfucvttehes^ and that the rieoehci baft- 
t«n<M ^^uVi W MtabUsiMd* and the approaches p«^ed en towards the cxiericr line 
«f wvtks br ih« lying sa|v and continned by the regular ap as soon as that aaote 
<ant^*«$ Bb.^ ef ffvceciiing is Icuad aeetesBarr. TWese mles, in &sft, are precMely 
t^ mme that wvedd be Iclk^w^ ia aisackia^ ervrr fixtiem^ let its nasaie be what it 
m^y : .ssii therrfcM it b w« wcvssary tc enlarge mpcn thb part of the 
WHT^;!^' ca^» in twf«Nt w the eaiialLi^ ize^ that two weU-apfoiBlai 
Vantnesk. pisMd in the ic^ate^ataca cf these twe &»! of the fcct which 
«ii|(ile snarlMdL wi2l gewraH^ sa&K. Fy thasv atsapk cMntuas. whack may be 
#Mi|irt«d in a l^w •ii^yk :he Vssaesert will havv airaatKii ic witain <kae KmikcC> 
sihit ^ Ihe exitcwr Et&e ce idSem^!« afW which cxjiBct Sapp«n w-H Ve rcquEred §cr 
txecMi^ tW r(^:dbr stsi^ ^jt ^kab^e sa; : the fsq i fci o is ss^ be ffsWBatmi «l the 
tafttvf ihnN « ioar yaEihi an Vwr. 

i. At th^ fm^i ^£ t^ 301^. the peotiiir aassre ^i mt cttsux^ Eae <£ 
ins Vi^m W m Aa wM^r t^ jQ«aaB!ijmiL Scum laisaa ftrntsam have 
iSna .ff ^ sttui i&s:hk. » m Xjw^v wkiish ^iai a fsnaal ami mtaceftct cci(«t 
w^. tx. iM assa^k. vMTlhMib. the 7E%::va.*« ;c nnwo^ tihe a«t « lais |»ai I9- sa^ 
W saSvwk^ sm£ )aaa««a may Vr Amssrarahi i^istt iir ^ ?a=?cait if )nK&ntg 
^w ^oMK^cay » nomM^wa^ w^ch jjimm -Jt^snaK^ sacnams 1^ frinrifal 
«*£ sW Vtcy jc iW ^kiasi;. b s 7v-sa£)uc ^iw^vrl «hafi "^sriii'iii s ^Iboed 
eft lh» «em « the ^daaik «ai in^ ax*jiis 4 ^iw^ asi^ ami aurr^w naah^. mi^ mis be 
n» >ssr MdhaHBSi^ j»w v eAuet a yra:«ca3a( Vsah 3l thK man ^tvenassa <f 
2t t^ saMk itewcw :ft laiy awhwcfmis ^ ?nwr « hsiv a Ae 
ami jact jf che j^v ^ m£mai{». a jf*nir v Jiy jpmi ?mr 
tft*^ j£hsaaK9m;«aM^ift asam ?«on«1 siARaaaaa mibe |JMaL 

ic a soa^ asoi^arv V^r^aa tiWr ^ 
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ditch, as at HaUyaam, the mode of proceeding most be somewhat different. 
Whilst the sap is adrancing towards this rampart, which is usually of moderate 
height and oonstrueted of mud, miners must be sent forward to lodge themselves in 
the lower or solid part of three or four of the principal towers, in which they 
will ixrepare chambers for blowing them up. But if this rampart should be built of 
masoory, then, instead of attaching the miners to the wall at once^ it may be neces- 
sary to commence the mines requisite for the demolition of the towers by means of 
galleries carried under the level of the foundation. On the explosion of the mines 
thus prepared, troops must be in readiness to move forward immediately, and occupy 
the exterior line of works of the fortress, which will then be laid completely open to 
assault, and from which, in aU probability, the enemy will retire without waiting the 
issue of a personal conflict. This will form an excellent parallel for the ulterior 
operations, provided that in certain parts of it a parapet be formed on the reverse of 
the terreplein towards the enemy, and turning it, as it were, inside out or otherwise. 
The next consideration is the passage of the ditch and the formation of a prac- 
tieable breach in the rounce-wall ; for which purpose, if the exterior rampart, now 
supposed to be in the possession of the assailants, should be too near to the counter- 
scarp to admit of a breaching battery being placed in the interval, it must be cleared 
away by mines fired for this express purpose. If, on the contrary, there should be 
a oonsiderable space of ground intervening, this space must be occupied, the sap 
extended to the brink of the ditch, and a proper breaching battery established, in the 
same nuumer as was before described in treating of the attack of the simple glacis or 
counterscarp. 

5. It is possible, however, that under peculiar circumstances it may not be 
advisable to attempt to breach the fausse-bray by battering guns. In some cases, 
galleries for the descent of the ditch must be excavated, and the counterscarp revet- 
ment pierced ; after which the passage of the ditch must be executed by sapv and the 
ronnce-wall or scarp revetment of the fausse-bray must be breached by parties of 
miners pushed forward for that purpose. At the same time, a battery must be 
constructed to breach also the high interior line of defence or principal rampart of the 
body of the place immediately above the breaches in the fausse-bray ; and mines most 
be prepared to blow in the counterscarp opposite to the breaches. 

6. The quantity of powder to be used in these mines will depend upon the nature 
of the counterscarp, and also whether it is revetted. The ditches of native fortresses 
are frequently without revetments ; for the earth in some parts of India is of great 
tenacity, and notwithstanding the heavy periodical rains, it will stand at a much less 
slope than in Europe. 

7. The explosion should be so timed as to take place as soon as the breaches in 
the body of the place are practicable, bat not before ; and the storming party must be 
in readiness to push forward across the mines the very moment that these are fired, 
as was done at Kowa, where the explosion of the mines was the signal of assault. 
These operations, perilous and difficult to men ignorant of such duties, are easy of 
execution to properly trained Sappers and Miners. 

8. In respect to the proper distance for breaching batteries, it may be remarked 
that even when they are not from circumstances obliged to be advanced to the crest 
of the glacis or to the counterscarp^ it is not recommended that they should be 
established at more than 150 yards from the wall that is battered. If the ramparts 
of an Indian fortress are of stone, the curtain should generally be battered in prefer- 
ence to the towers, as the shot are apt to be reflected from the latter, owing to their 
eireular form and the hardness of the material of which they are built. The pro- 
priety of this rule was exemplified in a remarkable way at the siege of Palghaut in 
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1 781, when the besiegers in rain attempted to breach one of the round towers of the 
fort, which was composed of Tery large blocks of granite, laid in the manner techni* 
cally called ' headers^* in architectore, so as to present their ends, not their sides, to 
the shot. In 1790, when the fort was again attacked, one of the curtains was 
breached in a few hours. 

9. If all the works at a fort be constncted of mud, the breaches in each enclomife 
or line of defence will be better and more quickly effected by mining than by battet- 
ing'guns ; for such is the nature of these earthen reretments, that the shot bniy and 
lodge themselves in the mud without bringing it down. lAye shells, the effect of 
which against earthen works has been proved in Europe to be much greater tiian 
that of shot» may be also used to advantage ; but it may be justly asserted that there 
is no country in the world in which mining may be used for the purposes of attack 
to so much advantage as in India, where the ill-flanked outline enables the miner to 
lodge himself at once in the face of the rampart, without the necessity of apjiroachiiig 
it by galleries, and where the mud of which the works are composed is soft enough 
to be penetrated with ease, and yet of sufficient tenacity to stand without wood-woilc 
of any description. 

10. Captain Ck)ventry, of the Madras Engineers, tried an interesting ezperimeitt 
connected with this subject in the year 1811 at Amulnur. It was his inteutios, 
in the attack of that fort, to have breached the rampart by mining ; but, as the place 
surrendered without resistance, he resolved, on receiving an order to destroy tlio 
works, to put to the test the plan of operation that he had previously determined to 
pursue if the place had stood a siege. Accordingly he ran a gallery under one of the 
circular towers, and placed llOOIb. of powder in the chamber, the line of least 
resistance being 22 feet; and although the powder was of inferior quality, being 
made by the natives, the effect of the explosion was very considerable, throwing down 
the whole of the tower and part of the adjacent curtain. 

11. It may be remarked that it is better to effect a breach by mining than by 
battering-guns, so far as regards the expenditure of shot ; not so much, however, on 
account of the expense as the difficulty of conveying a sufficient quantity of this most 
essential article of store. 

1 2. Even this is a matter of some consequence, if it be considered that it may 
require three months to convey the shot to the advanced divisions, and that it may 
be a year or more before they are used ; that in the Madras Service they are always 
transported on bullocks, each of which carries only four 18-pound shot, and involves 
an expense of nearly five rupees a month, over and above the prime cost of the animal. 

13. In regard to the best hour of storming a fortress, after practicable breaches are 
effected by the battering-gun or by the mine, opinions are divided. The morning, 
noon, and night have each their advocates. 

The storming of Seringapatam took phce in the middle of the day ; but it appears 
that the unusual bustle of the preparations in the trenches attracts the notioe of 
several of Tippoo*s principal officers, who were fully aware of the intended assault^ and 
requested him to prepare for it, — but in vain, — as a blind fatality seems to have 
characterised all his actions towards the close of his life and reign. 

Ormo gives a strong opinion in fiivour of night attacks. After relating the cxtn- 
ordinary successes of the French under Monsieur Bussey, in 1750, in the assault of 
Qingee, he observes, that had the attack been made in daylight, it could not have 
succeeded, for the Moors, as well as Indians, often defend themselves very obstinately 
behind strong walls ; but it should seem that no advantage either of numbers or 
situation can countervail the terror with which they are struck when attacked at night. 

Am a general principle it is recommended,— subject, however, to such variations as 
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local orewmittaiiceH may require, — ^to oommenoe the assault in the yery early part of the 
momingy before there is snfiSdent light for the enemy to distinguish objects correctly. 
At this time they will also haye had the fatigue of watching all night ; and to exhaust 
the garrlBcm the more, a false alarm in the course of the night may preyiously be 
xeaoiied to. 

APPENDIX I. 

Notei on ike ^ege of Mooltan* 

1. The aeoond siege was carried through with yery little hibour to the troops ; 
the amount of trench-work was smaller, and the dangerous part was chiefly 
eueated by the Sappers, the working parties of the Line being employed in 
widening and improyiog the preyious work. There is no doubt that Brigadier 
C9ieape*a project of carrying the suburbs by assault, taking the town, and then pro- 
oeenting the attack on the fort or citadel, sayed much time and fatigue to the besiegers, 
which would ineyitably haye been incurred by the adoption of the attack on the 
north-eBAt angle of the citadel, without dispossessing the enemy of their coyer 
in the g^rdmiii and houses and city walls ; and, in all probability, with the city, they 
would hftve stood an assault, trusting to make terms in or to secure their flight from 
th6 town* 

2l The attftck from the town after its capture was most judicious, and the breaches 
en thnl mde would, owing to the destruction of the great mosque magazine on the 
80th December, in the upper line of works in the dtadel, haye been carried with 
greaiier eaae than those on the north-east : this fact should not be oyerlooked, the 
site of a breach in a re-entering angle being deemed objectionable. 

Twenty-seyen days were occupied in the operations of the second siege. Some of 
thiM might, perhaps, haye been eayed, and it is easy to look back ; but considermg 
the neeeanry loss of life in accelerating the attack, and the difficulties incurred in 
reBoyiqg rubbish and clearing houses for the emplacement of batteries and magazines 
incideot to an Indian city, the time that might haye been gained is not now worth 
consideration. 

3. As for the details of the siege, the following may be worthy of notice : 

The engineers' works were probably too much in advance of the artillery ; a more 
aetiye enemy might haye taken advantage of this ; and, as a general rule, the defences 
ahoold be mined before the sap is commenced. The fort of Mooltan is so far peculiar, 
that it might be impossible to silence it altogether ; but the towers of the advanced 
fiae dionld haye been destroyed at an earlier period by the 24-pounders in battery 
near the Shnmstabrez. 

4. The artillery practice was most excellent, and the exertions of officers and men 
mdefoUgable. It is impossible to overrate the service rendered by the 8-inch and 
10-ineh howitseis. The walls are mostly of mud, or brick and mud ; and it so hap- 
pened that the part selected for the breach was very defective, a mere focing over the 
old wbU. In this the 24-pounder shot brought down large masses ; but where the 
wall was sound, the shot buried themselves, whereas the shells penetrated, and then 
leled as small mines. Against a mud fort a howitzer must therefore be considered 
hr pt«ferable to a gun, though of course the latter would be more effective against a 
vell*bnilt stone wall. The inconvenience of howitzers is the difficulty of preserving 
the dbseks of the embrasures. The iron howitzer might, perhaps with advantage, be 
lengthened. 

• From M%)or Biddons* (Bengtd Engineers) " Account of the Siege of Mooltan," published in 
the **Gorps Papers " In February, 1850. 
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5. JJumi. Taylor, Bengal Engiiieers, who had charge of the eogiDeer park doiiog 
the siege, oontributed greatly to the security of the gunners by the supply of palm- 
trees roughly squared, whieh were fixed at the throat of the embrasures, on which 
shutters of 4-ineh planks were hung as' mantlets. The only other noTelty in the 
engineering operations was the attempt to construct elevated batteries rapidly by 
building up the solid portion with fascines nine feet long, of which there was 
abundance. Four Officers of Engineers and two Sepoy sappers erected a two-gun 
portion in little more than half an hour, all the material being close at hand ; such 
batteries are, howeyer, highly inflammable, and once on fire^ cannot be extinguished, 
as occurred on the 9th January in one of them. 

6. Captain Siddons proposed a field powder-magazine of a new constmotion ; 
and inasmuch as it might afford sufficient protection against the vertical fire of an 
Eastern enemy, and would save much expense in the carriage of heavy splinter- 
proof timber, it might be expedient to experiment and report on it, which could 
be easily carried out at any station of the army where there is Artillery practice. 

7. Nine to ten feet of parapet was found to be ample thickness against the Mooltaa 
artillery.* In a portion of the parallel where the parapet was thinnest, not more 
than five feet of loose earth, a 14-pounder shot was observed to strike it folly and 
fturly : it passed through into one side of the revetting gabion, which merely fdl over 
into the trench with the shot inside of it : the distance from the walls was 110 yards. 

8. The ooncossion produced by the salvos from one of the breaching batteries whieh 
fired over the trench from which the mining operations were carried on, was very 
prejudicial to the progress of those works, and the want of casing, in substitntioa of 
the old pattern frames and sheeting, was very much felt. 

9. No siege was perhaps ever more completely supplied with engineers* stores. The 
period during which the siege was delayed, pending the arrival of the Bombay Division, 
was most usefully employed by the Sappers in making up gabions, fascines, pickets, 
ke.f at a town called Shoojahabad, some twenty miles in rear of the army; while 
Lieut. Taylor, with a singular zeal and ingenuity, prepared all kinds of contrivances 
for fEidlitating siege operations, making his park quite a show. 

10. The carriage of gabions and £ucines to the front was a difficulty, and the 
fiisdnes were made in lengths of nine feet, instead of eighteen feet, to ft^ilitate this 
operation, and a proportion of three pickets cut for each fascine. Both fitseines and 
gabions were carried on camels, one camel carrying ten or eleven gabions tied on in 
an ingenious manner devised by laeut. Oliphant. 

11. The gabions were 20 inches in diameter, and made as light as possible, so that 
they did not suffer in the carriage, but as 15,000 were made, and 12,000 fasdnes^ no 
deficiency was experienced. The sap-rollers were made up as near the trenches as 
possible. 

12. Sand-bags were a most useful engineers* store, and were in abundance, but 
very much wasted by the troops appropriating them to their own use. 

13. Phouras are useless constructing tools, and the proportion taken of them 

might be greatly reduced. 

A European soldier cannot work with them at all, and the 
Sepoy prefers the spade after a couple of hours* practice with 
it. There is another advantage in giving spades to the 
Sepoys : they look on them as more of a militaty tool than 
the phoura used by the labourers of the country, and they 
therefore are more readily disposed to take them up. 

* Probably fh>m the inferiority of Che Sikhs* gunpowder. 
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APPENDIX II. 

Extract from a Note hy Captain T. W, Bicks, Fidd Oommiuary of Ordnanczy 

Bombay Divmon, April 8, 1849. 

1st. Oar aiege-traia platforms are Bombay, not Madras, and were inrented by the 
late M%jor Millar of the Bombay Artillery. No platform can be better for siege 
ordnance : these platforms, during the siege of Mooltan, did not receire fair treatment, 
for TarioQS reasons, bat chiefly owing to my hea^y ordnance carriages being half 
Bengal and half Bombay pattern : the former are made wider in the axle-tree than 
the latter. Each platform was made to fit its carriage, and the component parts were 
nombtfed to correspond with the number on its own carriage ; yet, consequent on 
the batteries being formed at night, there were frequent mistakes, the narrow 
earriagea being put on the wide platform, and vice vend. The platforms we used 
for the 8-ineh howitzers are Bengal patterns, which were left in and brought up by 
me from the Sukher Arsenal ; we hope never to see more of them. The Bengal 
10 and 8 inch mortar pUtforms are, I think, perfect ; most easily put together, and 
comparatiTdy light. We hope they may be introduced in our Presidency. 

2nd. Your siege-train carriages are better than ours, owing to the axle-trees being 
wide^ ftUoas much wider, limber-wheels lower than ihe gun-wheels, consequently 
the gun timTela on its own carriage with fiMnlity ; the weight is equaL Our heary 
orchianoe carriages are too slight. Although the guns may be moved back to 
travelling-liolee, yet all the weight is on the axle-tree ; the muzzle of the gun is 
■0 low that elephants cannot be used to shove it on. I hope to see our heavy 
ordnanoe oaixiages improved. 

Srd. 8 and 10 inch brass mortars have long been abolished, yet this description of 
ordnance was years ago sent up to Soinde, and, for want of iron ones, these were 
brought on for service. 

APPENDIX III. 

During the siege of Mooltan, the Bengal artillerymen were so few that it was found 
imponible to afford a relief in the batteries without withdrawing gunners from the 
troops of horse artillery. A relief, however, was thus effected daily between three 
and four P.X. ; which was found the most convenient hour as it afforded time to the 
reEeving officer to ascertain his range, &c. before nightfall, and to prepare and fix 
his ammunition for expenditure during the night. It was convenient also for the 
men in other respects. * 

In the howitzer batteries, it was the practice to receive the charge ready weighed 
out from the magazine ; but in the mortar batteries the charges were invariably 
wdj^iied out in battery. The bursting charges of all shells were received in battery 
ready weighed out in small bags, and the shells were always filled by means of 
a funnel, and fazes prepared and set by means of a fuze-bench in the battery. Live 
shells were never sent down to battery from the magazine ; as no advantage in point 
of time was to be gained thereby, the preparing of shells being found, in the hands 
of expert men, to fully keep pace with the working of the ordnance. 

The practice was thus rendered very much more satisfactory, as the length of the 
faze could be altered according to circumstances, such as the variation of strength of 
powder, which was found to be most dependent on the state of the weather, and 
even of the ordnance, which, as the day advanced, would gradually warm, con- 
tracting the dampness of the powder, and rendering necessary an alteration in the 
length of fuze. 
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Tb« effeeis of the howitiers emplored in breaching was a subject of satiafitctien 
and astonishment to all ; indeed it is doubtful whether the natural mounds of tht 
f»t would hare been practically breached without their aid. Eroi •g*'*^ ^^ 
brick-wv-^rk their effects were con^icuous. These sheHs, made to bunt at the 
moment of contact with the waEs, afterwards during their passage through the 
i«Tetm«Bty and uhimatelj with a longer fuse in the eartK beyoiid it, would probnUy 
(against sseh masonrr) haTe akne effected pnctieable breaches without the iiwBfiiies 
of heaTTgunsL 

At a distanc^e of ISO raids both the S-inch and lO-inch howitaen w«re em^kjd 
in bivaehi]^ a searp wall, part of which was inrisible from the battetr, and oalj 
rcnehed by a plunging fire> obtained by my small charges, and raceeeded admnahly. 
At a distaM« of 35 yaids. Scinch hawitaers were similaily e mp l oy e J with a Aaxge of 
S es. : a Terr low Ti^>ctty being requisite to pterest tlK ^ell h'om buryin g itself too 
ftur in the acit earth. Of the eiects of the Tcrtxal fire, nc^^hing comki hKre afiirded 
a dearer pffvv^ than the ruinous appeniance |u e s e n l ed by the int e ii g of the fert tm 
Hi svrender : and tke explosion of the great magatfnr. wUeh took place wi^n 
kmr of its site being indicated to the batteries was a subject cf 
ti> the Bei^$al aitiUeiT employed, beazing testimaay as it dad to the Mmntj of 



On the Hh Jaatnrr, «M aheOs wief« fired frm an ; 
psNCi in twenty^fcur hewn;, and tke s>?ctazs dil k4 wdSet. So 
rttr^ ptteented ittelf from the empkyment cf tiMae peerea. acr froua that «f the 
Im«vt g«K. whaek howvrer. Tied with the n^nan seni h gnium 
Ins it is K a *n£ciofas ^.^mbtaasiM ^^ ike three that smrk fwn e ifui 
pxv\hkx4: ^m :t su^be wosth ^vxts^ whet&«r. ct ^kr saege-taai 

muEWi a Uv Birti. baSu as tkey <cBenI!y am. ii «M aai aften cnsj 
a greaier rrefvnfr?« «f Wwrtacrs mi^ict m:t Ve uaeii 
w)ieir« Ik* rurarulbr ^^^ort esssns t? <nttt£l tke tnas^pfrt tf ihe 
«i.*«LH&M» {:r9ss. la nd£ia:a w what has %«nsi aK^^e ssaaed d ih^ cfikts uf 
SMM mteal ;aKi» rt maia;;^ tibe iiseaM^ a»i Ex .anaser^H^Airy. wiidk wm 
s9«."^nBs thr.nqck.*ut ike sKg«. h amy Vt TesBScked ikaa aae sbeS 
mfiam t» s£!<!Ke ^ ire ir.*S£ 12 euL^cmm y :f ^ amny itr % w^oir l^y. 

I^'k-Mk53^ ^fiiS^iimd' w^nr is«£ Vy ^ Rn^ arSLZsry s^rrtczftjui ^ 
^ ^rtas JOii ^^w^'SMnL sal w»re 5na>i t? aaswcr 3b?iq iaas&ms*I!y : ami 
V^fl^pil sb/c^ar 7i2u5>r9iis. ^nsusia^ ^ lisve i faecer s i^vii w^*k sr^sK sanvf liiBk% 
«ac^ irar iAf« Inuv '^^'^m 7^^^:;$*^ xnaswrsv^ w«t miair 17 ^ att 
ti^A «/w-x V i3i{ )»sairiMv -v ^n Uiiy w«n a^^Krsin&scy ja^i. ami 
Vifk i{ ilW 5-^Di:k aoii I *-<Dii.*k ai»7c^n w^K&mt :«U!W3i^ i^iLui^ ife asge : At caiy 
2Hhraic« V(t3^ ^^aa ^ )^ Il^^nrk lairars TCks- jtu ep^^t ^ wrsn ja^ 
Vmitti^ V jun'sufl «k» TdH&n&s foxAsi^ 



BIIGB OPKBATION8 IN INDIA. 



APPENDIX IV. 



ie Sitge of ifwllm, fiv» 



Nsnic* of Stem. 



RuDH ot Bum. 



> Angun, earpentcts,' of aiies . 
&»% pi^ with helv«B 
hel»e», spare 

- ielGne^ with belrea . 
helTGB, ipare 

- ]»ck, np, tritli helvsB 
— minen", ditto 

holres, spare 



BuKia, JampOT • 

huid, two feet . 

Bncksta, wooden wat«t 

Bnntvi, baod, bamlioD 
Ckka of ludiui ink 
CucBcfl, wu . 
Clulk, Soropeaa . 
Churial, nbont . . 

Chun*, meafaring 1 00 feet 
Chitels, ttiminfl-, cirpentera' 

muiths', of »orta 

doth, fuivai, EarapeAD, Sue, jda. 

dosottee, white pieceo 

Cotton . . mauDda, about 

Funnel, each 9 ft. loo^ about 

pickets, abont 

. . . B«. 

SangM, gabiuD 

Srany, aingle, aev . ptcofE 

hmd, tor boring bars , 



^tchtti, 1)u>d, witli bdvea . 
"*■ " a, bnDoclc, dreaied 

Lalt-iiressed . 

raw . »b 

- sheep, raw 

rmw . . 1 

Editcs, labonitcrj 

gnHon . 

UdilR% roT&l patcDt . pii 

— bajnboo 

— KKling j-mU , 



Ladles, dsmmeridg 
LuDpa, miaing, Ua 
lABterna, daik . 

Luabing, eoaatij, for csmel ilingi, 

1, pig . 
LctgIb, ol all noTia 

nniTeraJ, with box . 

e, coanirj, log . 
Bailing . R 

[ Mallets, large . 

Uanileta, fl' k C* x 3', wi 
Uateh, alow . ( 

Uamootiea, with helves 

without ditto 

helvea, ipare . 



— i feet 

— tfp and groiiDd sills, 4 feet . 

3 feet . 

21 feet 

—21 feet 

— frames and shaft, ciimplote 



plants, sheeting 

MooDge . . maandt 

I Itsjls, of sorts, about . Iba 
Nccdlea, packing 

sail and sewing 

1, cocos-nut . . gallon 
- mastard . . sesr 
' Palms, et«el 
" "ns, wkied, smnll . 
Pnper, Seianjpore . sheets 
- foolscap . . quires 
Pencils, lead, H H H . 

Pincers 

PUnka, fir, 16 feet long . 

I Portfires 

Powder .... lbs. 
magaxiDe frames, large , 

PLudcs, sheeting, seesoo, small, 

(superScisl f«et) 

t Bocks, tool, camel , . pairs 

Sods, meosariug, 10 feet 



Oi 



SIEGE OPERATIONS IN 



A M a*^ . . 



BETURN OF ENGINEEB8* STORES ^<mi/lfllt«i. 



Namei of Stores. 



Rods, metsaring 6 feet 

3 feet 

2 feet 



I 



Namber 
expended. 



Rope, white, two-inch . fathoms 
S |Sftp-fork8, long . 
Saws, with frames 

! tenon, caq)enter8* 

' croas-cut 

! hand 

SauciBson . yards 

Scoops, miners' . 
Screws, small 

! of sorts . 

spare 
Shoreli, with hekes . 
-helyes, spare . 
- mining, with helves 
sap, '^^'ith helres 



lbs 



Slings^ camel 
Spades 

Spirits of wine . gallon! 

Steel .... lbs, 
Stones, grindinj;, medium . 
— troughs 



jSpikes, jagged for gann 

T Tape, commun . . bundles 

No war, 14 -inch . . yanls] 

Thread, cotton . lbs. 



(Signed) 



2 

11 

1 

50 
3 
1 
1 
1 

31 

300 

6 

10 

11 

1 

276 

SO 

10 

24 

100 

50 

1 

84 
1 

1 

330 

104 

5500 

23 



W 



Names of Stores. 



Twine, ooantry, hemp . lbs. 
Timbo^ splinter-proof, 8 feet 

12 feet . 

Wax, bees* ... lb. 
Windlass, mining . . • • 
Wood, baboot • . jneoes 

seesoo . pieces 

planks, S-inch seesoo • 

2-inch seesoo 



PACKAQB. 

CSases, packing, common, 
sorts 



sorts 
Camel bags, old 
Cloth, linen, old 
wax, old 



Cotton wick 
G Gonny, single, old 
H jHemp, country or jute 
L .Lashmg, country . 

Line, selling, country . 
N Nails, iron, of sorts 
P ;Paper, pacJdng . 
R !Rope, jute . 
T Twine, country. No. 8 



large, of 

• • 
smaU, of 



• yards 

yards 

. lb. 

yards 

lbs. 

Iba. 

.{ueoes 

lbs. 

quires 

cwts. 

lbs. 



Number 
expended. 



i 



206 

171 

63 

i 
8 

419 

643 

10 

118 



25 



4 

69 
10 
SO 

1 
100 

4 
48 
84 

3 

4 
2 10 
20 



Alexander Tatlob, Lieut, late in Charge of Eng^een' 
Park with Mooltan Field Foxtse. 



APPENDIX V. 

Exptnditwrt of Shot and ShtU during the Operations before Mooltan, 

Goojrat» March 4, 1849. 



Beugal. 


First 
Operations. 


Second 
Operations. 


TotaL 


24-pounder round shot .... 


• • • 


4386 


4386 


18 -pounder ditto 


400 


5011 


6411 


24-pounder case shot .... 


• • • 


• •• 


• • • 


24-pounder Shrapnell shell . . . . 


• • • 


• • • 


• •• 


18-pounder ditto .... 


150 


4 


159 


IS -pounder case shell 


• • • 


314 


S14 


1 0-inch common shell .... 


• • • 


3450 


3450 


10-inch case shot 


• • • 


1 


1 


8-inch common shell .... 


496 


7189 


7685 


54-inch ditto 

54 -inch light- balls 


160 


2918 


8078 


• • ■ 


50 


50 


68 pounder Shrapnell shell . . . 


100 


20 


120 


8-inch case shot 


s 


88 


46 


8-inch carcases 


• • • 


102 


102 


54-ineh ditto 


• • • 


SO 


80 


(Signed) T. Chb 


ism, Lieut, 


CommisMry 


of Qrdnanoej 



Mooltan Siege Train. 

K.B.—Po«te iO^iBM :— Ordnance .... 85»38inis. 

Mnsketxy .... 20,580 



tf 
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APPENDIX VI. 



Expenditure of Shot and Shell during tlte Operations before MooUan* 

Mooltan, February 5, 1849. 



Bomlmy. 


Pint 
Operations. 


Seoond 
Operations. 


Total. 


IS-pounder xound shot .... 




8761 


3751 


18-poimder caae shot 




206 


206 


8-iiieh Shnpnell Shell . . . . 




160 


260 


5i-indi or 24-poimder ditto . . . . 


1 , , , 


552 


552 


if-ineh or 12-poitnder ditto 

if-ineh or 9-poimder ditto . . . 




290 


290 




106 


106 


lO-inch oonunon shell .... 




474 


474 


8-iiieh ditto 




6075 


6075 


54-indi ditto 




1876 


1876 


4{-iiieh carcMes 




10 


10 


8-iiieh case shot 




52 


52 


Haad-giieiiades 




680 


680 


AJao Tariooa kinds firom brass field-gons | 
employed in the batteries . . . ( 




2582 


2582 



FhNn a pi^[»er supplied by Captain T. M. Hicks, Field Commissary of Ordnance, 

Bombay Dirision. 

N.B.— Powder expended 56,900 lbs. 



APPENDIX VII. 



Return of Siege Ordnance in battering MooUan, 



Total number of Bengal pieces . 32 



BENOAL. 




BOMBAY. 






No. of 




No. of 


Description. 


Pieces. 


Description. 


Pieces. 


24-poimder guns • 


. 6 


18-poxmder guns. 


. 8 


18-pounder ditto • 


. . 6 


8-inch howitzers . 


. . 4 


10-inch howitzers 
8-ineh ditto 


. 3 
. . 4 


10-inch mortars, brass 


.. 2 


10-inch mortars . 


. 3 


8 -inch ditto ditto . 


. . 6 


8-inck ditto 


. . 6 


8-inch ditto iron 


. 4 


Scinch mortars, brass . 


. 4 


54-iDch mortars, brass . 


. . 11 



Total number of Bombay pieces 35 



PBOPORnON OF ORDRARCB EMPLOTSP. 

Guns 20 

Howitzers 11 

Heavy mortars 21 

Light ditto 15 

Total 67 



Exclusive of field artillery. 
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Table of Stores required for an Engineer Park, to accompany a Siege Train consitting 

of S or 10 guns and from 16 to 20 mortars. 






B 



Description of Stores. 



Axes, felling, with helyes ) 
oomplete . . . ( 
helFes, spare 



— pick, oommoD, with ) 
helves . • . j 

helFes, spare 

miniDg, with ) 



helves 



Bags, sand 



Bamboos, large . 
— hollow 

small 



Barrows, truck . . , 
Barrels, budge 

Baskets, wicker hand . , 

Bellows, mining 

smiths*, me- ) 



• I 

lbs. 



Number 
of each. 



dium size, with frames [ 
complete . 

Bill-hooks 

Borax 

, Borer, earth , 

Buckets, wootlen. . . 

C Candles, wax. . lbs. 

Chains, measuring (100 ) 

or 60 feet) , . . ( 
Charcoal . , ttw. I 

Chevaux-de-frise . feet 

Cloth, waxed, yards, 60, ) 
or i)iece8 . . . \ 

Compass, box, mining 

Crows, iron, large and ) 
small . . . { 

Flags, park, with staff, \ 
&c., complete . . \ 



800 

76 

1000 

269 
20 



30,000 

200 
100 

17,000 

6 

8 

4000 
4 

2 
2000 

• • • 

1 

40 



Forks, sap, long 

Gauges, gabion . 
Qhoo • 



lbs. 



1000 

6 
o 

10 



20 
60 



Weight 
of each. 



lbs. 



6J 

6 

2 



60 
15 



55 

18i 

• • » 

240 

2i 
2 
100 

9 

100 
20 or 85 
100 



Si 



36 &25 

100 

7 
400 



Furpoee for which required. 



Cutting down trees, bmshwood, 
enemies* defences, &c. 

Intrenohing and sapping. 
N. B. — Those in store weigh 
sometimes from 8 to 10 lbs. 

Mining in earth and masoniy. 

12,000 for revetting and repwr- 
ing batteries, 7000 loading and 
tamping mine% 6000 making 
loopholes and sapping, and 
500 spare. — N.B. On xockj 
ground, 60,000. 

For scaling-ladders. 

For casing tubes. 

10,000 for making pickets for 

2000 gabions, 2000 for 5000 

£ucine pickets, &c, and 5000 

spare. 

I Driving, tamping, and loading 

I mines. 

In mining, for carrying fiUed 
hose, quick-match, &c 

In mining, making batteries and 
other field-works. 

For ventilating mines. 

For two smiths* forges. 



i 



{ Cutting brushwood, making £eui- 
( cines, gabions, &e. 

Repairing tools and stores. 
( In mining, for making yentilatiag 
I holes, &c. 

I Holding water to extingnish fires^ 
{ baling water out of minesy ke. 

Lighting mines, &o. 

Measuring mines, trenches, &e. 

Making and repairing tools. 
( Protecting the flanks and rear of 
( field-works. 

i Covering bags ef powder in 
j loading mines, &c. 

In mining and tracing field-works. 
I Breaking down defence^ mining 
{ in masonry, ke. 

Distinguishing the engineer park. 

( Sapping, and for setting up 
I scaling-ladders. 

Making gabions. ^ 

Burning in the mines. ' 
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ST021ES BSQUISBD FOB AH IMQIXBIB PA&K — COntinited. 



I 



K 
L 



DwcxipUan of Storai. 



Gunny, 8| x 2j yds., pieces 

Hatdietfly hand, with 
helTes 
— ^^-— — — hclTes 



spare • 

Hanunen^ dodge 

Hooks, sap, long and short 
Iron, bar, Baropeaa 
oomntzy 



Enires, laboratory 
Laaiezni^ dark 
horn . 



Lamps, mining 

Lerds, ground, squares ) 
and bevels, of sorts, > 
with bobs • • • ) 

Line^ oonntry, seizing 
skeiDS (50 yards) 

log, bnn- 



Number 
of each. 



dies (50 yards) 
pArk, feet . 



linen, dosottee, pieces 



KaUefta, large 



ICatch, slow, - country, ) 
bundles ) 
quick . 



Mamooties, with helyes 
helyes^ 



spare 
Measnres, powder, 
and small 



der, laige | 



o' 



•Needles, sail and sewing . 
jNuls, of sorts 



Oil, mostard 



gallons 



Palms, steel • • . 
Pickets, park • 

Picks, poshing . . . 

Tentilating, 400 ft. 



B 



Planks, i in. thick, and 

from 4 to 12 ft. long . 
■ 1^ in. thick, and 

from 4 to 8 ft. long 
Saul, 2i inches 

thick, and from 4 to 

12 feet long 
Portfires. 

Powder, ordnance . • 
Bamm^ earth 

Hatans, 10,000, or bandies 



100 

100 

20 

6 
10 



100 
10 
12 
40 

12 

50 
100 

1000 

80 
50 

300 



10 
2000 

500 

4 
200 

• • • 

3 

20 

100 

20 
100 

200 
600 

120 

15 

•*. 
100 

100 



,Woight 
of each. 



lbs. 
8 

21 

14 

25 

9i&4i 
400 

200 

I 

l' 
2 

i 
5 to 10 

n 

IJ 

140 

8i 
20 

6 

1 

10 
7 

14 
6&4 

• • • 

50 

8 

• • • 

12 
2 

• • • 

10 to 30 
80 to 60 

150 

1 

5000 
154 

15 



Purpose for which required. 



I Making cotton bags, oorering 
i backs of scaling-ladders, &c. 

/ Cutting thick brushwood, large 
i pickets, &c. 

I Breaking stones and removing 
I obstructions. 
In sapping. 

i Making and repairing tools and 
stores. 
Cutting string, &c. 

! Loading mines, serviug out tools 
and stores at night. 
Lighting mines. 

!In mining, and tracing, leyelling, 
and revetting field-works. 

! Tying scaling-ladders, making 
rope^ &c. 

Tracing. 

i Marking boundary of engineer 
park. 
Making hose. 
Driving large pickets. 

iDriying tracing and other small 
pickets. 

Lighting mines. 

Ditto ditto. 

Intrenching, &c. 
} Replacbg broken onesand making 
I &scines. 

Measuring powder. 

Making hose, cotton bags, &c. 

Making mining-tubes, boxes, &c. 
I Cleaning and preserving tools and 
I stores. 

Sewing. 
( Marking the boundary of the 
I park. 

Mining. . 

Ventilating mines. 

Profiling, mining, &c. 

I ( Making mine sheeting and 
I framing. 

Making powder-magazines. 

Firing mines. 

Ditto. 

Making field-^^orks. 
i Tying fascines and making light 
j gabions. 
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STORES RKQUIEID FOE A3 WKQIWBtM PAEK — Continued, 



o 



8 



W 



Description of Storet. 



ReelB, camp, with lines . 
Bope, jote, skeins of 30 yds. 
Rods, measaring, 10 feet 

8 feet 

2 feet 



Saws, cross-cut 
hand 



Shovels 



heWes, spare 
mining 



Spades 
Spirits of wine gallon 
Steel • • • • 
Stones, grinding, with 

troughs . 
Scales, large, with tri- 
angle, &c. 

medium, copper 

Spars, Saal, 4 in. sqnare, 
and 6 to 10 feet loDg 

6 in. square, 

and 12 feet long . j 
Tape, Newar • yards 

Tallow 

Tarpaulins, 17 x 11 feet 

Tent, laboratory, large 
■ small 

Tin, sheets 

Thread, cotton, coarse 

sewing 

Twine, country, hemp . 

moonge 

Tools, carpenters* chest 

blacksmiths* chest 

mining . chests 



Wax, bees' 
Weights, brass 
iron , 



set 
set 



Number 
of each. 



5 

1500 

50 

50 

20 

2 

SO 

1000 

250 

50 

50 

1 



1 
1 

60 

40 
2000 



80 

1 
1 

25 



1 
1 

2 

1 

1 

1 



Weight 



Ibe. 
20 

2i 

84 
1 

I 

16 

2 

4i 
2 

4 

5i 

7 
10 



2 200or800 



204 
18i 
40 to 67 

180 

300 

50 

76 

1120 
1019 



40 
20 
20 

4000 

188 
332 

518 
1 
2 

168 



Purpose for which required. 



Tracing. 

Tying fascines, &c. 

Tracing, sapping, and mining. 

Cutting up timbers. 
Gutting up fascines, &c. 

Sapping and intrenching. 

Mining. 

Intrenching and cutting soda. 

Ifining. 

flaking and repairing tools. 

Sharpening and repairing tools. 
Weighing stores. 

/ Making mine-firames ; making 
I and repairing tools and stores. 

Tracing at night. 

iPresenriog stores, greasing tmek- 
wheels, &c 
{ Protecting stores from the weather 
I and powder from damp. 
Preserving stores from the wea- 
ther. 
Making and repairing rentilating- 

tubes. 
For lamp-wicks. 
Making hose, &o. 
Sewing gunny, &c. 
(Tying casing-tubes, making ga- 
( bions, &c. 

) Making and repairing tools and 
{ stores. 

SMimng in rock and masonry. 
N.B. The new sets of tools. 
For the use of the tailors. 

!For weighing small articles of 
store. 
Forweighing large articles of store. 



(Signed) 



Joseph Tatlob, Major. 
W. R. FiTzQuiALD, Captain. 
J. Thomson, Captain* 
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SIEGIly IRREGULAR.* — An IrregnlAr or accelerated attack {aUaque hrusqiie) is 
one in which the tedioos forms prescribed for the redaction of fortresses are wholly or 
in part dispensed with, and much judgment is required in the General and the Engineer 
to know when it may be applied with effect ; that is, to reject each form in precise 
proportion to the defects of the place or the force of circumstances, and no farther ; 
for there must be more or less risk of failure in operations so conducted, if applied 
in exceis, whereas nothing ought to be more certain than the result of those that 
are conducted on regular Siege principles. 

Two leading ctEbses may justify such an accelerated attack : 

I. Defects in the fortifications, or in the state of the garrison and its supplies, 
admitting of a Toluntary and reasonable course of proceeding for shorteDing the 
operation. 

n. The force of circumstances in the condition of the army attempting the reduc- 
tion of the place, which may oblige the Commanding Qeneral to an irregular pro- 
ceeding that would be otherwise unjustifiable. 

Nothing can be more precise than the principles for the redaction of any fortress,, 
and nothing more imprudent than to deviate from them unnecessarily ; but the 
ordinary rulet deduced from those principles assume the fortifications to be well pro« 
Tided with CTerything requisite for a good defence. 

In proportion as either of these are defective, the regular forms that otherwise 
would be required may be dispensed with. The following are among the cases in 
which advantage may be taken of these defects : 

1. Treachery, or very culpable negligence on the part of the garrison, may admit of 
a place being taken by surprise ; but this may happen to the strongest and best pro- 
vided fortress, and is not meant to be treated of in this article. 

2. A General may be frequently justified in making an assault by escalade, where 
a place is under a combination of any of the following risks : if it has escarps not 
exceeding 2i feet in height, or wholly or in part unflanked, no revetted outworks, nor 
a wet ditch, or a garrison extremely weak in number, in proportion to the extent of 
the enceinte. 

8. If the fort or fortress is of small interior capacity, unprovided with adequate 
bomb-proof cover, and the attacking force is well supplied with artillery and pro- 
jectiles^ particularly with mortars and sheUs, it is frequently to be reduced by bom- 
bardment abne. Large populous towns have been reduced by a general bombard- 
ment directed on the houses, lives, and property of the inhabitants ; but this is an 
unmilitary proceeding, and in modem days considered an unjustifiable course, fre- 
quently resisted with success, when the assailant will be compelled to retire with odium 
as wen as disgrace. 

4. The rules laid down for siege operations comprise a variety of works and pro- 
ceedings for surmounting the distinct impediments that are presumed to exist for the 
purpose of retarding the besiegers. In proportion as the garrison shall be without 
the means of applying those impediments, the works defined to overcome them 
will become unnecessary. Thus, if the strength or composition of the garrison or the 
nature of the ground will prevent sorties, such part of the parallels as serve for the 
goard and defence of the trenches will become superfluous ; and for the same reason 
the first works may be greatly advanced, for the fire of the artillery will not prevent 
the trenches being opened and established very near the place. Again, if the escarps 
of the body of the place are exposed low enough to be effectively breached from a 

• By General Sir John F. Burgoyne, Bart., G.C.B. and R.E. 
VOL. ITT. B B 
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distance, the serious difficulty and delay of establiahing breaching batteries, very 
close, may be ayoided ; and if connected vitb this disadrantage, the breaches so 
formed have at the time no available flanks, and are not covered by ontworks, or 
only by snch as are very imperfect ; the advance of the storming parties may be also 
A^m a distance. Althongh the breaches may be opened from a distance, it will not 
be done until the besieger is in a position to storm them as soon as they become 
Xiracticable. 

5. Again, if the garrison is very short of artillery and ammunition, great liberties 
may be taken in the progress of the siege. 

Advantage ought to be taken of all such circumstances as above enumerated, under 
any condition of the army of attack, — using judgment and consideration, however, as 
to the extent to which deviations from ordinary practice may be justifiable. 

Occasions, however, arise where a General has only the alternative of attempting 
these irregular operations against fortifications not strictly exposed to them, or 
of foregoing important advantages that would be open to him by the reduction of the 
places. 

He may be essentially wanting in the necessary equipment for the siege in form, in 
quality, in quantity, or in all these ; or he may not be master of the proper season, 
or not possess a knowledge of a power in the enemy to bring against him a sufficient 
army to oblige him to raise the siege, before the period upon which he can rea- 
sonably calculate as necessary for the termination of the process of a regular siege. 
In these cases he must well calculate his means and the consequences of the enterprise, 
which may be — 

1. The time and sacrifices that will probably be required by the most energetic pro- 
ceedings it is in his power to adopt. 

2. The probability of success or failure. 

3. The consequences in either case, or of the alternative of the more cautious 
system of not making the attempt at all. 

No more striking illustrations of operations of this character can be given than 
those of the sieges in thePenlosula by the Duke of Wellington, — all of them, by the 
force of circumstances, carried on necessarily against both rule and principle. In 
some, time could not be given for a siege in form ; in most, there was a deficiency of 
artillery means, owing to the difficulty of transport in that country ; and in all, the 
Engineer departments in organization and means were thoroughly inefficient. In 
Jones's ' Sieges ' will be found many interesting lessons in these irregular attacks of 
places, exhibiting their hazardous character, and how success was so often obtained 
solely by the admirable dispositions of the General commanding, the zeal and devo- 
*tion of the Officers of the Ordnance Corps, and the energy of the troops. 

J. F. B. 



SIEGE AND ENGINEER EQUIPMENT.— This subject is now again 
under consideration in order to x>erfect the necessary arrangements for the transport 
of engineer stores, &c. As a result of the late war, there is now an engineer-train, 
with waggons, as a nucleus for further operations ; but to be really effective it requires 
to be very largely augmented, and some changes introduced in the organisation. All 
the stores required by the engineers, — except the tools for ordinary working parties, 
which should be carried in bulk, — including a complete pontoon-train, similar to that 
xeoommended by Captain Fowke, B.E., should be conveyed with the force by the 
engineer-train, well-horsed, so as to ensure their keeping up ; and the waggons for a 
shonld be so arranged that the men of the company may, if necessary, be 
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canied npon them in ikind morententi. The present amngenieiit gives a 



ind oat forge cut per m 



J of ISO men, dinded m foUoira 



Sergeuit.. 


■ ^\ 






sa 


Corpond. . 


. S 


AUtiuned 


Ituma . 


22 


SeooDd ditto 


. 5 




BrioUajera 


11 


Uppers . 


. 100, 




Smith* . 


9 


BogUr. , 


. 2 




Wheeler* . 


1 




ISO 




Punter* . 
Twlora . 
ColI«r-m*ker= . 
Mioei* . 


7 

1 
3 
14 

100 Sappera. 


nuBDnim oi 


Tools, Uitekuls, &c., 


rO EICH WiQGOH, VOB 


A Co^r±xt 




iaiAL EnauniRS 


IH TBB FlBLD. 













W.gK0O.. 




t 


1 


DtiBlptlan oTAitisle*. 














1 




ii 


1 


s 


J. 




« 


• 


1 


isst:*"*"""?"^'*- 


s 


1 


1 


1 




1 




Tinmuu' do. . 




1 


1 
















Parrien' do. 




2 


















Coopen'do. . 




1 


















BriokUren' *nd M>i«iu' do. 




1 






1 












&.Ilftr-niBierfl' do. . 




1 


















Axo, pick . . . 




SO 


10 


10 


10 


10 


10 








. felling . . . 




13 


3 




3 




9 








{CflDadiMi) . 




2i 


6 


G 


6 












Birrowi, bind . . . 




6 




2 


2 




2 








Bmi^ crow, 5 ft. . . 




* 


2 


2 














ii ft. . 




i 




2 






2 








. EitL . . 




i 


2 








2 








B*p,le^er, forS01b3.powd 




12 


S 
















nod 




1000 


200 


200 


200 


200 


200 








KUhooks .... 




20 


i 


4 


4 


4 










Blocks and tacklca . 




2 










3 








QUITB*, bolt . . . 




1 






1 












Ckokere, faicuiB, pre. . 








2 


2 
















16 


a 


3 


3 


3 


3 






Oreue, tta. . . . 




10 


2 


2 


2 


2 


2 






Handle*, ap*r« shoTel 




26 


5 


6 


5 


B 


6 






BelTc^ spue pii^kue 




25 


6 


E 


6 


5 


6 






feUingaxe . 




12 


2 




2 


2 









Inhbrttltf . 




i 










4 






Jacks, iron Bcraw lifting 




2 






1 










Ei>ee«.p. . . . 




i 
















Kuiie*, gabi"n . 




10 




G 


£ 










Uiders, staUng, 12 ft. . 












2 








8fL 




1 








1 








Unla, field eerviee 




« 


2 


2 






2 






(TracinB, jO yd*. 














3 






! jHftmbro', in skeins . 




3 










3 






J Jlfarline, whtta . . 




3 










3 






( tuted . . . 


3 


^ 


~_ 


z_ 


z_ 


3 
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DieTftiBvnoK oe Tools, Mitikuls, kc—Oonlinuid. 
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Ii 
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a 


T" 


.|. 




G 


fl 
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12 


" 


_ 


_ 


~ 


IT 








M»Ueta, bMtle .... 


2 


1 
















Pens, steel, bows . . . . 


4 










* 








PoncilB, lead .... 


21 










24 








PiokeU, pnrk 


fl 


2 




4 












Bom, tArred, 3-in coiU . 


1 










1 








]t.in.d^ . . . 


1 




1 














Bodfi, boning, seta . 


1 


1 
















mEMorinE, 6 ft. 


10 


2 




2 


2 










IfL 


10 


2 


2 


2 


2 


2 










g 


1 


1 


1 


1 


1 








SlioYGlB, T-I^i'les 


50 


10 


10 


10 


10 


10 








Spade7 


10 


5 


£ 














Spun jam, lbs. ■ , , . 


30 






30 












Bleelyarda, complelffl .... 


1 


1 
















Tbp«8, nw»siiring, 50 ft. 


e 


a 








3 








tracing, 60 yds. . . . 


12 


e 

















Tarpaulins, 7 jda. x G yds. 


I 










1 








lyda-xSyds. . . 


1 










1 








Uiimtg tools, lat box coatotuing— 




















i Jompers, 7 (t "j 




















I Tamping Isir, 7 ft. . . .1 




















1 Worm, 7 ft ^ 


1 




I 














1 NwJlB, 7ft [ 




















1 Scoop or Bcraper, 7' i 3" . J 




















2na box— 




















5 Jumpers, 7 ft. . . . .1 




















1 Kuedle, 7 ft. . . . 1 


1 








1 








1 Sooop, 7' ■ 3i" . . J 


















Srd box- 


















D Jumpers, 5' fl" . . . .'' 


















2 Crows, 4' 6" 
















1 


1 Boring bar, 5' 0" . ' . * . ! 


1 














1 


1 Wotm, 4' 0" . 
















1 


2 Needles, i' ii' . 


















ISCTaper. 4'«li" . - 




















1 Tamping bar, *' 0" . 




















4tb boi— 




















2 CrowB, 2' 6" . . -1 




















1 Boring bat, 2' 6" . 




















2 aUdge bammen . , . 




















6 Striking do. 


1 


















1 Powder-horn , . . . 


















2 Priming wires 




















9 B" wedges .... 




















a 10" do , 




















Mstch, slow, lbs 


10 










10 








BeckforJ'fl fa<c dry Boila, fma. . . 


2S 










2i 










as 










ss 








Portfires 


3e 










58 








sticks .... 


fl 










8 








Horse-BboBB, seta ... . 


too 


so 


20 


20 


ao 


20 








OHndWoue, lO-inch 


2 










1 








18-ineh .... 


1 


" 


~ 


~ 


1 
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SOD- WORK.* — Jtevetment of -Socfo.— Sod- work forms a strong and durable 
lerefemait if the sod shonld be ent from a weU-dothed sward, with the grass of a fine 
abort blade and thickly matted roots. If the grass is long, it should be mowed 
before the sod is cnt. 

Sods are of two sizes ; one termed ''stretchers,*' 12 inches square and 4| inches 
thick ; the others termed << headers," are 18 inches long, 12 broad, and 44 thick. 

The sod reretment is commenced as soon as the parapet is nused to the level of 
the tread of the banquette. A layer of sods is then placed either horizontally or 
inclined a little inwards t from the banquette : the layer consists of two stretchers 
and one header alternately, the end of the header laid to the front. The grass 
inside is laid downward, and the sods should protrude a little beyond the line of the 
interior slope, for the purpose of trimming the layer eyen before laying another, and 
to make the slope regular. The layer is firmly settled by tapping each sod as it is 
laid with a spade or a wooden mallet, and the earth of the parapet is packed closely 
beyond the layer. 

A second layer is placed on the first, so as to coTcr the joints, or, as it is termed, 
to break joint with it ; using otherwise the same precautions as in the first. The 
top layer is laid with the grass-side up, and in some cases pegs are driyen through 
the sods of two layers, to connect the whole more firmly. 

When cut firom a wet soil, the sods should not be laid until they are partially 
dried ; otherwise they will shrink, and the reyetment will crack in drying. In hot 
weather the reyetment should be watered frequently until the grass puts forth. The 
sods are cut rather larger than required for use, and are trimmed to a proper size. 

G. G. L. 

STAFF.— In the British Seryice the Slaff of the Army is composed of the following 
Departments : 

1. The Quarter-Master-General ; 

2. The Adjutant-General; 

3. The Military Secretary. 

These form component jtarts of the Horse Guards, London, the office of the General 
Commanding in chief, and through which departments of the army all business 
is transacted of which that high personage has the control, and which is limited to 
fhepencmd of the army, the finance being a separate and independent branch under 
the Secretary at War, holding a seat in Parliament, and a Cabinet Minister, who, 
once the abolition of the Board of Ordnance, has charge also of the matiriel. 

The duHet of the Quarter-Ma8ter-General embrace the disposition, moyements, 
and quartering and embarkation and disembarkation of the troops. 

Thote of the Adjutant-Otneral include the economy, discipline, recruiting, clothing, 
and general efficiency of the senrice. 

The duties of the Military Secretary are the general correspondence with the 
Commander-in-Chief, and the appointment and promotion of the officers of the 
Army. 

The peculiar constitution of the goyemment of Her Majesty's Laud Forces arises 



* From a Treatise on Field Fortiflcation, by D. H. Mohan, Professor in the United Stites' 
Hilitaxy Academy, 
t For the interior slopes of parapets and profile walls. 
I That is, perpendicidar to the interior slope. 
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from the natural jealousy of a free State, where the people are ayerse to military 
goTemment, and are willing to distribute the patronage and control among as many 
independent departments as possible, without absolutely impeding the working of 
the system. During peace, the seyeral duties, comprising Pertonelj Finance, and 
Materiel, do not clash, and being under the control likewise of the SoTereign and a 
responsible government, the business of the army is carried on without difficulty. 
As adjuncts to the staflf at the Horse Guards, are the Medical Department, the 
Chaplain General's Department, and Judge Advocate's Department, subject to the 
control of the Commander-in-Chief. 

These departments are attached to the head-quarters of an army, or the diidsioiis 
of an army in the field, in the colonies, and in the several military districts at home^ 
each having a 

Deputy or Assistant Quarter-master-General ; 

,, ,, Adjutant-General; 

Military Secretary; 
Senior Medical Officer : 
Commissary General ; 
Commanding Officer of Artillery ; 
Commanding Engineer ; 

the four last being heads of departments, reporting likewise to the Chiefii of Depart- 
ments in England ; but the duties of the first are identical with those of the Horse 
Guards, with the addition to the Adjutant- General of the regulation of the supply 
of musket-ball ammunition, and to the Military Secretary of recording the expen- 
diture authorised by the commander of the forces. 

The officers of the Quarter-Master-Generars department in the field have special 
duties entrusted to them, which the following order of the late (General Sir G^ige 
Murray, Quarter- Master- General, to his officers in the Peninsular war, will explain. 

** The following points are to be particularly attended to by an officer of the 
Qnarter-Master-General's department attached to a division of the army or to any 
other corps : 

" He is to be at all times informed of the strength of the corps to which he is 
attached, what detachments have been made from it, on what service, and to what 
places. 

'* He is to be generally informed in regard to the supply of the troops with pro- 
visions and forage, to know whence the supplies are drawn, whether the issues are 
regular, and what means of conveyance arc attached to the division or are within 
reach of being applied to its use either for commissariat purposes or for other services 
that may occur. 

** He will attend to the division being kept complete in articles of camp equipage, 
intrenching tools, mules, and such other equipments for the field as are allowed, and 
he will collect and transmit to the Quarter-Mastcr-General the returns which r^ments 
are ordered to give in, monthly, of articles of field equipment, a form of which return 
is annexed (B). 

''It is the duty of the Assistant Quarter- Master-General to allot the quarters of 
the division when it is cantoned, and to fix upon the ground which it is to occupy 
when it is encamped or hutted, or when the troops are to bivouac. 

"When the whole division, or a considerable part of it, is to be quartered in the 
same town or village, it may save time to divide the houses into lots, and allow the 
several corps to draw for them (unless SDme particular distribution of the troops has 
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Qeneral (if not preTionsIy sent forward) to see the column formed, and to take care 
that the several corps, the artillery, the baggage, &c., are all in their proper placest 
and that there are no unnecessary intervals during the march : he will be with the 
advanced guard (if not otherwise ordered) ; he will cause all obstacles that would 
interrupt or delay the march of the troops to be moved out of the read, and will order 
such temporary repairs as are necessary, and as can be effected by the pioneers at the 
head of the column. 

"In most ordinary cases, however, the repairs of roads, bridges, &c., requisite to 
facilitate the march of troops should be done by the people of the country, upon an 
order to the magistrates from the Greneral or other Officer commanding in the neigh- 
bourhood, for that purpose. 

"When the division is to encamp, it is the business of the Ajsistant Quarter- 
Master-General to point out the ground to be occupied, and show how it is to be 
taken up : he will ascertain and point out how the troops can enter the camp with 
the greatest ease, where wood and water are to be found, and what communications 
must be opened either between the several corps of the division itself or to enable it 
to communicate with other divisions on either flank in front or in rear. 

"On ordinary marches, it will in general be unnecessary to take up as a military 
position the ground to be occupied, and it will be better to place the troops in such a 
manner as will bo most convenient for wood and water, for shelter, and for moving 
into the road again on the next march : the troops will, by such attentions, be saved 
from a great deal of unnecessary fatigue, in which view also they must never be kept 
waiting for their quarters or their ground of encampment at the end of a march, as 
all arrangements that depend upon the Officers of the Quarter-Master-General's 
department ought (except in extraordinary cases) to be completed before the troops 
arrive. 

"An Assistant Quarter-Master-General employed with a division of the army 
ought to have an interpreter, and he will be allowed to charge his pay in his contin- 
gent accounts, having previously reported the rate of pay to the Quarter-Master- 
General, and obtained his sanction for it. 

" He must be constantly provided with guides also, when the division is in the 
field, and more especially if it is moving or acting separately from the body of the 
army, so that in the event of any sudden movement of the whole division, or of any 
detachment from it, either during the day or night, guides may be always at hand : 
such should be selected, if possible, as are not only capable of showing the road from 
one place to another, but as are also men of intelligence, and who have a general 
acquaintance with the neighbouring country : these guides ought to be obtained 
through the magistrates of the country ; when permanently attached, they should 
have a fixed pay per diem, but when employed for a temporary purpose, they should 
be paid in proportion to the distance they travel, or the nature of the service they 
are employed upon, or other circumstances, and according to their being mounted 
or on foot ; all guides who are detained for a day or more should have rations 
drawn for them : guides taken from village to village on ordinary marches need 
not be paid. 

" The other charges which the Officers of the Department are allowed to make 
against the public are specified in the instructions respecting the mode of making out 
their contingent accounts. When Officers of the Department have occasion to issue 
rontes for the march of troops or convoys, or to individuals, they are to be made out 
sMording to form : an entry is to be made of all routes, and copies are always to be 
tfaatmitted at the time of their being issued, or as soon after as possible, to the 
tMsrlor-Mfuiter-General, and likewise to the Officer commanding at the station to 
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-vhieh the corps, the oonToj, or indiTidiuil* ftre proceeding. It vQl be >ametun«a 
mwiTj (o nport tli« maMli mlw to some intennedule itationi thraogEL irhioh 
lioopa »M to pua^ eepedkllj if their nnmber is conndenble, in order that piep&ia- 
tira nuj be made aceordinglj, 

(Kgned) "Qio. Hduit, Q. U. Q." 

"Oartaxo, Dte. 2nd, ISIO." 



Samr» of FiM Sjuipiaml for Cavalry B^BttnU. 






H.B. — tht ntim ISit luEuitij Begjjnents ii the Min<^ omittiiig the eolonuia marked (a) 



Theapteit^ Duliet oftht Oommiitari^. — When in the field, thie department hu 
the emtodj of the niilitU7 cheat, the aapplj of eTerjthiiig DecesBary for the pro- 
Tidonmrait and forage of the army, and of advuicea to the gereral departmeale, — the 
npplj of monej, the transport of the troops, aad the cet&liliHhmeiit of djpdta and 
■■■* (p"»-« for fnniishing the uieial vants. In the Colonies, the Commissiiriat hne 
the charge of the military chests, the negociition of bills to keep up the anppl; 
of BMB^, and it makes adTanoee to Fajmasters for the troops, and to the Heads of 
Dqaitments for their disbanemeDts : it eontracts for proiisiona for the troops, and 
iMDM the aame in detail, as likevise it porchaaes all articles obtained in the colony or 
birign poMeasion. This Department is under the orden of and is respooaibie to the 
Oeneni w Officer commanding for the eiecntioo of Its dntiei at the Tariou stations 
tbroeid. But the Conunissariat is also reiponrible to the Treaaniy for all it* ads, to 
whom it Tspoits on all points of serriee, and the Officers of the department are 
dependent on the Treasnry for promotion and appointineDt, and the or^uusstion pro- 
Meds and emanate* from the Treasury. At Borne, the servicee of the Commissariat 
are little reqnired, beyond giving aaaistanca in the adminittration of the Treasnry 
bcaneh of that department, and anditing the acconnla. 

Tkt dtitieM of the Qfieert eommanditig the AriUltry and Engineeri at head-qnarters 
IbsnuBg part of the Btafif of the Army, are to convey instrnctioDa of a departmental 
naton to the sereral detachnmts of those corps, and to afford information to the 
Bmcral commanding npon all points oonnecled irith their duties. These duties are 
explained under the articles 'Engineer' and 'Equipment.' 
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The Senior Medical Officer in a similar manner affords information to the General 
commanding of the sick and wants of his department, establishes d6p6ts for the sick 
and wounded, and controls and secures the officering of the whole medical depart- 
ment. 

In Foreign Serrice, the Military Staff is under one head, the Chef d*Etat Mjgor, 
and the Etat Mig'or b mostly educated expressly for its respectiTe duties. Besides 
Woolwich for the Artillery and Engineers, we haye now a Staff College for the Staff of 
the Army, and the appointments for the Quarter-Master- Qeneral, Adjutant-General, 
and Military Secretaries, as well as personal Staff of General Officers, are directed to 
be generally filled from that source. 

The object of this short sketch is to give the composition of the Staff of the 
British Army, rather than an explanation of its duties, which can only be acquired 
in the field. On actual serrice, actiyity and intelligence are the chief essentials, and 
a General commanding either a division, a corps, or an army, can never more a force 
successfully and without confusion, unless he has intelligent Officers on the Staff to 
direct the movements, and who possess also a perfieet knowledge of the country. 

The General himself must remain near his troops, but the Staff will have pre- 
viously learnt the nature of the country, and guide and provide for their movement 
in all unforeseen difficulties. — G. G. L. 



STATISTICS.* — The statistics of a subject on the heia connected with that 
sul^ect, and the art or science of statistics, consist in so arranging those fiKts as to 
exhibit them in the clearest light, to show their connection with or dependence oa 
each other, and so grouping them in heads, or sub-heads, as to reduce the leading 
principles to as small a number as possible. Thus in Natoral History we have orden, 
c laas e a , genera, species, and varices, several of eadi lower denominataoii being con- 
tained in the one next above it The same may be said of every other ecioioe. The 
observations, and the clear record of those observations, form the first process of the 
Statistician, while the laws to be deduced &om them, and the application of those 
laws to individual or special use, are the rich reward of his labours. 

It is needless to say that the value of obeervatioos depends chiefly on their accuracy, 
and the degree of intelligence as well as care with which they are ooDecied, kst by 
the omission of some peculiar phenomenon, easily observed at the time^ the value of 
the series or collection be impaired ; and from this it will be seen that the statistical 
observer ought to possess a certain dei^ree of knowledge of the sdeace lor which his 
collections are made. It is not indeed absolutely indispensalle that the CK^Iector of 
vital statistics should be a Physician ; nor that the collector cf the statistics of trade 
and exchan^ should be versed in Political Eccoomy ; bat there can be no doubt that 
lus ob6erT:iti%>ns vill be mcxe useful, and his labours will be v>f a hi^ior order, if he be 
coaversa&t with their cbjeci and with the uses whi^ will afterwards be mftde of 
thai : and not only the immediate obfecs, but objects couwcted cr cognate with it, 
becanse so i:itimaiely blended are the nusMTous sciences, that noce can be exhausted 
withoct contftn with others. 

LkSvidual exenion, howevv, is» ^eneialTy s{>eakia& so much more profitable when 
eonined to oae pursut, that it is frequently son^t to combine this alvaata^ with 
th(t adrants^es of extended iaqmrr, by oentralisia^ the obeerrati-jfls of nomcrous 
on a ^aeial aad nnifoim ajstiuu , rather than by the UKhlt vf oae ofaserrer 
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on mMiy subjects. This is accomplished by tbe cirenUtion of queries and forms, the 
answers to which are afterwards to he generalised and combined in one place, and 
this is the more necessary the more eztensiTC the subject, particularly when new or 
recondite in its nature. In this manner our brother Officers, as a body, may be most 
usefiil whenerer it may be thought desirable to circulate such for any particular pur- 
pose. Of this we hare a distinguished example, in the magnetic and meteorological 
obserrations which for some years past haye been simultaneously carried on at 
numerous stations carefully selected all over the world, the British Colonial portion 
of which has been executed under a distinguished officer. Colonel Sabine, of the 
hi^iest scientific attainments, by Officers of the Royal Artillery,* acting on instructions 
and forms poreTiously prepared. No subject is at first more Tariable and more subject 
to disturbing causes, many of which were indeed unknown, yet we have hegun already 
to me the results of this combined exertion, in which the British observations have 
borne so prominent a part, and already the multiplied fitcts have grouped themselves 
around laws which will shortly bring their object within the domain of the exact 
sdences. But numerous as the stations are at which observations have been made or 
aze in progress, they are still far short of the number of our Colonies, and there is not 
one in which such observations would not be useful. Instruments are now to be had 
at moderate prices, with full and clear instructions for their use. The relative mor- 
tality of colonies has also been the subject of extensive inquiry, by the Medical 
Officers o{ the Army and Navy, with great credit to themselves and benefit to the 
country. In the article on Geognosy and G^logy, in the second volume, Mig.-GFen. 
Portlock has pointed our attention to a subject of great practical as well as scientific 
importance, in which our combined exertions may advance a common end — a subject 
on which that Officer speaks from experience, as well as with the authority of exten- 
Bve knowledge of the subject ; and there is none perhaps of greater utilitarian scope, 
nor which, with its cognate branches of Natural History, will more amply reward the 
inquirer, by opening new objects of contemplation and interest at every step. These 
noUe sdences have themselves indeed long passed beyond the category of statistical 
inquiry, but they may be aided by it, and they lead to those of an industrial and 
social order, in which the field is comparatively untrod, and in which the labours of 
the statist are eminently required. The value of a colony to a commercial country 
depends either on its productions, or its naval and military position in regard to more 
productive districts, for which it may form an entrep6t, a place d*armes, a halting- 
place, or coaling d6pdt. An exact knowledge of those productions, or of those cir- 
cumstances, and of the changes which take place, or which may be made in them, 
becomes of the highest importance. 

The first general consideration in regard to a Colony would be its natural condition, 
or that in which it has passed from the hands of its Maker, and here we have exact 
sciences to aid us, — its position on the earth*s surface in latitude and longitude, and 
its interior topographical delineation, now rendered easy to us from the number 
of officers and soldiers of the Corps who have been trained on the Survey. The 
6eol<^gisi and the Naturalist follow, and these are the preliminary investigations, on 
which all subsequent inquiries can best be based. Without them we should be in danger 
of proceeding on an useless quest : with their aid, and the light they afford, we shall 
eauly discern the object which the colony is most fitted to fulfil, and our statistical 
inquiries will be directed to the best means of forwarding that object. The resources 
of the country will perhaps be of a mineral nature, or they may be commercial, or 
agricultural, or its advantages may be of a purely military nature. 



* Latterly by Officers of Royal Engineers. —Ed. 
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The ** physical moans *' by which these may be facilitated should next be considered, 
—those which the Gorernment may be expected to perform or assist, as pablic defences, 
buildings, lighthouses, roads, or harbours, and those which may safely be confided to 
indiTidual enterprise, as machinery, or the more immediate means of industry ; next, 
the class of labour most likely to be useful ; and here the subject of colonisation and 
oonriot labour, now prominent in the public mind, may be largely aided by our 
oltsonrations. It would l>e idle to send the colliers of Newcastle or Carlisle to 
the pastures of Sydney, or the Agricultural population of the South Downs to the 
coal-pits of Capo Breton. The price of the seyeral descriptions of labour, and of the 
commodity produced by it, at the present and in former times, is the best guide 
to the class of inquiries which deals with the labour-market. The extent to which 
raw produce of erory kind can be advanced in the various steps of manufitetore 
through which tliey pass, before they are fitted for the use of man, should be 
ciu^fViUy obserred. To a certain extent this operation can be performed with 
advantage on the spot ; beyond that extent it will, generally speaking, be more 
pn>fitabltf to ex))ort or exchange the commodity. On all these points price is the 
e>ertaiu guide, and no economical inquiry, whether of production or mannfacture, can 
be cv^mplete without it 

The social (xviition of a colony involves other considerations, and requires a 
dititrent class of inquiry. The first subject would probably be an aeeonnt of the 
|¥»pulation« British and native. Security and protection aro the next and indis- 
l^iisable elements* without which organised society cannot sufasisi. In a colony 
Ihetc usually depend upon the mother coantrr, aided financially by the colony, and 
Ui^y ar« more or l<« alike in all. Next in order is the administration of jutiee and 
taw« and the d«|fnrv« in wluch the native customs or ecuts are employed. Education 
in all its bnuiches should K^ the sut^ed of careful examination, as wdl of tlie native 
as \Nf the British ps>puUtion, and in^lusirial or agricnltiml odncBkifla as wtdl as 
Ut«rary or inlcllevHttal. The r^i^ow iastitutioia and esUbHshnseBts may be the 
K^fed vNf ivvtely and the f>antain of truth asd peace, or the source of heart-buning 
aftd discv>iNt Imatediauly vVtAecled with thesis will be tke i MtiUiti sBi of a 
KfMw^^l <cder. Tb«y addms themselres to t^ relief cf phjscal saSeria^ whether 
in iW f^n» vNf diM;as«» or i^V;cira^\ as i^.^s^f of kH^Ioc asl ednatioK do to the 
vs^nJ asd iMtttal wjttt» oc t^ {^.^suandir. The k.-«^tal& the Banner in which 
t5s<x AT^ 1J^vx^'rt«^i. ;> : ^tr^Ser of p^:«:ts. t^ i«^:ty ms! absciSvte iwraksce and 
exttOLi c{^ 1^ x:Kri.-» diMaitKw c^ «a$:hr Ke clisierr«d :r oitabwd. Tbttat form 
tW 7<^nci^* ^s<*.b :i \\» \c*Si:^ «kij? V ihf ss&srar* of jwer^ there are 
l««MrC^ jkV ifrA^.-^ ;: jujeT\sid.'c ^ix**l sl.-^ji V« rvecriei xr r ■ nfrti ■ with the 

h «v*\i >y ijt^'«&.K*f >c^fT V irtk-nVe i>.f itr:'SK\.'» j:iyV«5 rf in^[ml:7 wkldi 
Aww ^-.i>-.i t>rf rfcT^ ."C «-:««!• rl^s*slr^>.. 3?,'ff .-mx ii 'St iu.ig va tf<3 tlal eray one 
w^ W jkVit ,'c Vf .li»«-i!K^v c^rifqi if t^im M>i .Nro.'rt«r2Tir T^nahseiS, w cMier c^on all 
^" t^^nr.. Titi tiwcr «* f<» v'^^mtj wW %.^ -u-s f.T>£ iiatirtsa ix cne s aoR. 

in i SiHH t.w<w>. *j>i it. ijjf T^\J;:« .-f tixc *0cr7* T*it>!«.' i? mtsia fc- Iitt "^iiilVi 
t>ftMV* a>M« aahil «*n)ii^ v «vQ:i;j«fC ^r iisK^ l^-a. lxjc 7r»(!U i^ leschs of his 
U W « tf» ix vt «ui^na ai>^ ^.^sntc msK 

fW «v«Sk MM oM^Ktrial ccnid;)a.ia laa^. li:wr*y«r. >« ft-msaasvc iiis \t swl rs 
4i ^kt mikf*^ w^tiidi «»i«S nM«r»]^ ^c^^Ny .-kl :^ fsasacisn: ^ai^icrYr, W^ the 

m n iiU^ ^ li i ^iMt V ^ |<iraxi«^ mac — rn-r r^ 
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of ilie elan of Officers for whom these Tolamee ard compiled. Begaiding, for 
example^ the ultimate collection of colonial memoirs as an object worthy of the 
'Professional Papers,* or similar military works, Officers who feel difficulty in 
entering npon all the branches of so comprehensiye a subject, and yet find every 
branch dependent npon the others, and all to some extent resting npon the first 
points, aboTC adrerted to, yiz. the natural condition, as divided into geography 
and natoral hirtory, and influenced by the objects and destination of the colony, 
may kaTe these heads, which are elsewhere treated of, and enter npon the more 
nnmerieal subjects, perhaps in somewhat the following order. 
iphtion. 1* PopuUUion^ — of which an authentic census is generally taken periodically ; but 
this will be very imperfect if merely confined, as used formerly to be the case, to 
ennmention only. As much as a disciplined army of small numbers is superior to a 
rabble of fifty times its amount, so is a well-ordered community to one in the reyerse 
oonditimi ; and as a general rule, to which of course there are exceptions, we may 
usually, when we hear of a country being over-peopled, assume that it is in reality 
only ill-organised or mismanaged. If such were not the case, the density of popula- 
tion would be the best possible measure of the security, wealth, and industry of a 
country ; and, however dense the population, the country would not be over-peopled. 
The degree In which it is so is, therefore, a measure of its weakness ; but we must 
take a sofBcieDtly large view of the word country, and not limit it to a mere district. 
We most also look to the circumstances and condition of the people, not merely to 
their numbers. The due to these circumstances may generally be found in a skil- 
fblly conducted census, or in carefully sifting and digesting it afterwards. 

A few leading proportions may easily be borne in mind, and they are convenient as 
eomparmtiTe tests. The number of male and female births are usually as 106 to 100. 
* In the first month one-tenth will die. At 5 years of age, more than a third are 
gone ; at 10 years of age^ more than half. The male deaths will preponderate in 
eariy life, so that at the age of from 14 to 15 or 16 the numbers of the sexes will 
have become equal. This is also the age above and below which the gross num- 
bers will be nearly equal to each other, in a population increasing in an arithmetical 
pi o gr es s ion of 1*8 annually. The soundest condition of a population is that in 
which the greater number are maintained in the working age, while a population 
which has a large proportion of its numbers at ages either so young or so old as to 
requize maintenance or support, instead of contributing to it, is obviously a source of 
weakness to the state. 

It is therefore necessary, in any enumeration of a people, to divide them into ages, 
distingniahing the single years up to 5, then passing to 10, and continuing in tens 
upwards. The number of persons divided by the number of families gives generally 
about 5 to a fiunily, — and that number ought also to be the number to a house. But 
the woids/oauly and houte require definition : the former should be understood to 
mean one or more persons living on their own means of support, and may, in a large 
average^ include servants. The latter is, strictly speaking, the accommodation occu- 
pied by that party — not one set of walls and roof. *' House accommodation*' is there- 
fore a better designation than House ; and the important matter to investigate in this 
reipeet is the extent of such accommodation which every fiunily enjoys dirided into 
as many rlssarn as may be found convenient or suitable to the country and climate. 
Houses may be classified according to the number of windows, as indicating the num- 
ber of rooms {u e. magnitude), the quality of the walls and roof, with any other cir- 
omstanees whieh measure size and quality in a particular country. The house may 
then be placed in a first, second, or third class, in regard to each of these conditions, 
and ultimately in its general class as resulting firom the component classes. 
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Having thus classed tho houses, it is necessary to know the nnmher of fiunilieB 
living in each, and to resolve what accommodation each family enjoys, compared to 
the accommodation of single houses of smaller dimension. Five or six families, for 
example, in a first-class house would be as ill-accommodated as if all were in third or 
fourth class houses, and so on. 

It is also of importance to observe the occupations of the people. It has been 
usual to make two great classes — agricultural and manufacturing. This broad dit- 
tinction has been adopted in our own country, and has its utility as marking the 
transition of a community from the one to the other state with advancing knowledge 
and wealth. But it is obvious that after a time the distinction is more apparent than 
real, and is not based on any philosophical view, as agriculture is itself a manufacturing 
process. A sounder distinction is into primary and secondary manufiu^nr^ according 
as we deal with a first production of raw material, or the advances of the material by 
a second or third process. In a colonial population this would become more appa- 
rent, aud the occupations of the community would in many cases be neither the one 
nor the other, in their strict sense, but combining both ; as it would be difficult to 
separate, for example, the boiling of sugar on a sugar establishment from the growth 
of the cane, which is clearly agriculturai, on the one hand ; or, on the other, frtnn 
the ultimate refining, which is afterwards carried on in England, and is as deaily 
manufacturing. These great divisions at home have grown out of the destination of 
the country to supply subsistence, food, and clothing to the inhabitants in return for 
their labour. The destination and object of a colony will furnish, in like manner, a 
guide to the best classification for the occupation of its Inhabitants. 
i. Laws. ^' ^^^ the j^puhition we may pass to the constitution of the laws which gorem 

it and afford protection and security. These in regard to a colony are of two kinds : 
First, from external aggression by the garrison and means of defence supplied wholly 
or in part from the mother country ; but frequently aided by the colony at least in 
expense. The strength of the garrison during war and during peace, and the nava 
force, if any, form the chief subjects ; and a succinct account of any oocanon on 
which their sufficiency has been tested. Second, from internal confusion either by 
military rule, or by the iocal government of a legislative or executive assembly, and 
by the administration of law — whether British, native, or foreign. The statistics of 
crime here natui-ally occur, which it is usual to divide into two heads, as committed 
against person or against property. Returns of these may generally be collected or 
procured, and they should always be connected with the age at which committed, 
and the extent of education of the criminal, with circumstances of season and 
climate. It is known that the tendency to crime is greatest at about twenty-five 
years of age, and it has been supposed that as education extends, the crimes against 
property predominate over those against the person. But if education be confined to 
the lower elements of its merely intellectual branch, it is probable all classes of erime 
will rather increase than diminish.* We only furnish the criminal with better wei^Mms 
and better means. The crimes against property will be greatest where the greatest 
irregularity of property prevails. Climate and seasons also infiuenoe the extent and 
class of crime materially. So far as European inquiry has extended, crimes of violenoe 
are most abundant in the south, and those against property in the north. Th» 
seasons are somewhat similar in their effects. Age and sex also infiuenoe crime. 
Tho greater Btrongth of the male leads to violence, the reverse leads females to 
poisoning or fraud. Age is of all causes the most infiuential. Grime increases with 
age till the strength o{ tho bo<ly is complete, but does not decay as rapidly, though its 

* Tlio ovil iufluonco of educAtlon, without Chrieitianity, wa« painfully aud fearfUDy diown 
\!j tho Nanii of Blthoor and others in tho lato Indian Mutiny.— Eo. 
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dixeetion changes from violence to fraad. Bat Man is inflnenced by tbe moral 
physiflal cizcamttances in which he is placed as macb as by his organisation, and the 
former are largely within onr own control. Crime is a measure of the care and 
derelopmeni they have reoeiTed and are reoeiying. 

^^^^^ 8. Education, in its three diyisions, religions, inteUeotaal, and industrial, is a 
sab^eci to which all enlightened minds deyote themselTes with eagerness, and the 
extent to which it prerails, or the fiicility of obtaining it, in any community, is 
always to be sought for. Numbers may be easily glyen in tabular forms, and the 
funds by which schools are supported; but the class of instruction is yet more 
importsntb The books which are read, and the chtss of persons by whom the 
instmction is afforded, with the manner of afifording it, are more imjMrtant : nor 
should edneation be considered as ceasing with childhood ; to be effectual, it must 
contiiiae to the very close of life, yarying only in its nature and object. Public and 
pzirate libraries, scientific and literary institutions, come all within the category of 
educaium, and more than aU the religious and moral instruction not only of children 
but of the adult community. In regard to children, the number between the ages of 
5 and 15 is usually about a quarter of the whole community, and at least half that 
number ought to be at school at any given time at which an enumeration is made. 
That proportion would still be small, but it would afford hopes that during the whole 
10 years every child may have passed half its time at school. 

^^t^itioQi. 4. Benevolent institutions also challenge our attention : they address themselves 
to the relief of inevitable suffeiing, whether from sickness or poverty. The most 
palpable are hoepitals, houses of refuge, or similar institutions, but benevolence 
exerts itself in a thousand forms, not less valuable because unobtrusive ; and the 
extent to which it prevails in any community, the proportion in which it is fostered 
or supported by the Government, by endowment, or by private means, may generally 
be ascertained : the amount of funds devoted to these purposes, whether by endow- 
ment| by the aid of Government, or by private contributions ; these aud the number 
of persons relieved should form the subject of inquiry in each case. Medical 
■tatistici will enter into this category, and an Officer will be well employed in 
his leisure hours if he co-operate with any Medical Officer who is pursuing this 
subject. The provision for the poor and helpless comes of course into this category, 
and there is scarcely any country in which this is wholly disregarded, even when 
not made a public measure or under state control. The Officer who engages in this 
inquiry, will find his own benevolence awakened, and will be morally benefited by his 
exertkms on the part of others. 

5. The industrial condition of a country, district, or colony, will of courae depend, 
in the first instance, on its natural — modified, assisted, or retarded, by its social — 
condition. It may be indicated externally by its commerce with the mother country, 
or neigibboming countries, and internally by the material prosperity of its inhabitants. 
Of the former, the imports and exports, and places to and from which they are con- 
veyed, -^of the latter, wages and prices, are the truest indications. Local weights and 
measures^ and their difference from the standards of Great Britain, as well as the 
monetaiy arrangements and local currency, are also to be noticed. In regard to 
land, the tenure, the manner in which rent is paid, whether in proportion to the 
produce, as one-third, one-fifth, or more or less, or by a fixed sum of money'; and 
whether hereditary, quasi-hereditary, or continuous tenure, or mere tenure at will, be 
SMst prevalent ; — the division of the land, the mode and class of cultivation, and the 
rdative productions of different crops, and the manures used or required ; — tbe imple- 
ments of husbandry, the breeds of cattle, the introduction of peculiar grains or roots, 
sad the country firom which they were first brought ; — the size of farms, and da&s 
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and amonnt of prodnce grown on each class. In regard to commerce, its nfttore and 
object ; by what steps or parties carried on ; how far beneficial to the producers of 
the commodity, the intermediate trader, the colony, or the mother country, —always 
remembering that wealth, whether in an indiyidtud or a country, is the po a s c asi on of 
that which others want, and security for that possession or its exchange. 

6. In the individual, moral rectitude and honesty, ability, industry, intelleeiaal 
Moral condition and physical strength, are the sources of wealth, — in the community, the adTantages 
of nature in climate, soil, and geographical position^ with the aid of social institutioDB 
affording full development of those resources. 

It has not been sought to encumber this brief abstract with printed forms of 
queries or Tables, which rather encumber than assist. The means by which alone 
inquiries can be successfully conducted by single individuals, are reflection and study 
on the part of the individuals who conduct them ; and mechanical substitutes, bow- 
ever useful when applied to a limited space or particular object, and dreolated 
for that purpose, are, when applied generally, in danger of attaining only a dull 
uniformity at the cost of diminishing original thought. Few men who think 
long and clearly on any subject, will be at a loss for the most appropriate vehicle 
or form in which to embody the results of these labours.— T. A. L. 
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SECTION I. — MECHAKICAL ACTION PRODUCED BT STEAM. 

1. The instrument by which steam accomplishes this is almost invariably a pistoo, 
moveable in a cylinder. 

A cylinder is a tube or pipe, but much larger in its diameter, in proportion to its 
length, than tubes or pipes usually are. Thus a common proportion for a cylinder is 
three feet in diameter, inside measure, and four feet or four and a half feet in length ; 
but this proportion is very variable according to circumstances. 

2. The piston is in effect a solid plug, fitting the interior of the cylinder with 
sufficient precision to prevent steam from passing from the one side to the other, but 
with sufficient freedom of motion to enable it to move along the cylinder without any 
considerable loss of force to keep it in motion. 

3. The ends of the cylinder are understood to be closely stopped by lids. One of 
these lids is sometimes cast with the cylinder, and forms, in fact, part of it ; the 
other is attached to it by screws and nuts, and fitted so exactly that steam oaanot 
escape at the joints. 

4. Small apertures are provided at each end of the cylinder, fumished with 
stoppers or valves, by which steam may be admitted or allowed to escape at pkasore. 

5. Now it will be easily understood, that if a blast of steam be admitted at one end 
of the cylinder, it will blow the piston to the other end ; if a blast of steam be 
admitted at the other end, that which had previously been admitted being allowed to 
escape, the piston will be blown back again. 

If we have the means, then, of taking in a blast of steam alternately at the one end 
and at the other end of the cylinder, the piston will be blown constantly baekwuda 
and forwards from end to end. 

The force with which this will be effected will depend on the force of the steam. 

6. This alternate motion of the piston from end to end of the cylinder, made with 

* By the late Dr. Lordner. Revised and corrected by E. Woods, Esq., C.R 
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A oerUiii degree of foroe, could acoomplish. nothing useful if it were confined within 
the ^linder ; it most be communicated to eomething outside which is required to ba 
wt in motion. 

7. Thie is aecomplisbed bj an appendage to one side of the piston, called the 
piUon-rod. This is a round rod, firmly fixed into the centre of the piston, and passing 
tluough a bole made in the centre of the cover or lid of the cylinder, which I have 
already deteribed, to be attached by screws and nuts. It must move in this hole as 
the piston does in the cylinder, so tightly as not to let any steam escape, and yet so 
finely as not to require any considerable jMwer to urge it. 

8. It will be easily understood, that to attain this object rery great precision 
of form ia necessary in the internal surface of the cylinder and in the piston-rod. 
The cylinder is. made of east iron, bat the inner surface of it, after being cast, is 
reduced to a precise cylindrical form by a boring machine. This machine scrapes ofiT 
all rough nessy and reduces eyery part of the inner surfiace to an exact circular form, 
of precisely the sanae diameter throughout the entire length of the cylinder. 

9. The piston, which is flat on either sur&ce and circular at its edge, to correspond 
with the cylinder, is made to fit the cylinder in steam-tight contact, and at the same 
time to moYe freely in it by a variety of contrirances which will be noticed hereafter. 
For the present it will be sufficient to assume that mechanical art, in its present state, 
enables us to construct pistons and cylinders with so great a degree of precision that 
no steam whatever shall pass between them, and yet that the motion shall be almost 
perfectly free. 

10. The piston-rod, also of iron, is turned in a lathe so as to be truly round, and 
iniformly of the same diameter throughout its length. The hole through which it 
plays in the top of the cylinder is surrounded by elastic packing, which presses 
agunst the sides of the piston-rod : and in this way, whilst the nation is free, no 
ateam escapes. 

11. The piston-rod thus partakes of the alternate motion which the piston itself 
neeivea^ and conveys this motion to any object outside with which it may be 
eonneeted. 

12. Thus the primary motion produced by steam jMwer is an alternate motion 
hsekwards and forwards in a straight line ; bat by an infinite variety of well-known 
mechanical contrivances, this alternate motion may be made to produee any other 
kind of motion that may be desired ; thus we may make it keep a wheel in constant 
rotation, or move a weight continually in the same straight line and in the same 
direction. 

IS. These points will be hereafter explained; for the present we establish ths 
fiiet that steam can by the means indicated produce an alternate force backwards 
sad forwards along a cylinder with a degree of energy proportionate to the force of the 
akeam, and with a d^^ree of speed proportionate to the rate at which the steam can 
be supplied. 

SEOnON U. — THE PROPSRTIKS OF STEAM. 

1. I have spoken of the piston in the cylinder being driven from one end to 
^ other hj a MaH of steam. This will at once suggest the resemblance of steam to 
air. Steam possesses, in fact, a set of properties precisely the same as air : if air were 
heated to the same temperature as steam, it would, to all intents and purposes, 
posses the same mechanical properties : and if it were as manageable in other 
respects as steam is, we should have no occasion to resort to steam engines, hut 
should have nothing but air engines. Air could blow the pbton from end to end of 
the cylinder as well and in exactly the same manner as steam does. It will therefore 

TOL. UI. F F 
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greatly facilitate the compreheotion of the qualities of steam to attend, in the first 
instance, to the oorresponding qualities of air. 

2. Air is an elastic fluid, — so is steam. 

The meaning of an elastic fluid is one which may be squeezed or oompreawd into 
a less bulk ; or, on the other hand, which will expand itself into a greater balk apom* 
taneously if room be given to it. 

3. All fluids, however, do not enjoy this property : water does not partake of it at 
all ; it cannot be squeezed by any practical force into less dimensions than it naturally 
occupies, and whatever room you may give to it, it will not expand into greater 
volume. If air be enclosed in any vessel, it will spontaneously press on every part of 
the inner surface of such vessel with a certain force, tending, as it were, to burst tn« 
vessel This is what is called its dcaticUy, li it be squeezed into a vessel of half 
the size, it will press on the inner surface of this vessel with just double the force ; 
and if, on the other hand, it be allowed a vessel of twice the size, it will spontaneonalj 
expand and fill every part of such vessel, but will press on it with a diminished foroe^ 
amounting to one-half its original pressure. 

4. In short, you may by compression reduce its bulk in any required proportion, 
and its bursting or elastic force will be augmented in exactly the same proportion ; 
and you may, on the other hand, permit it to expand to any augmented volume, and 
its pressure will be diminished in precisely the proportion in which its volume will ba 
increased. 

5. All these are equally qualities of steam. 

Air is an invisible fluid, — so is steam. It is a great mistake to imagine tliat the 
cloudy vapour that is seen issuing like white smoke from steam vessels or boilers ii 
steam ; the moment it becomes thus white and cloudy it ceases to be pure steam. 

These misty particles are particles or vesicles of water, and not pure steam. If a 
glass vessel were filled with pure steam, it would be as invisible as when filled 
with air. 

6. Steam is a species of air made from water. 

Air may exist in different states of density, so may steam. In either oaae the 
pressure or elasticity (other circumstances being the same) is in proportion to the 
density. 

7. But as air is everywhere accessible and disposable, it may be asked why we 
may not use it for those mechanical purposes for which steam has proved eo omni- 
potent, e8i)ecially seeing that the production of one is attended with great cost and 
trouble, while the other exists in unbounded quantity, and can be had everywhere 
and for nothing. To answer this we must consider those qualities in which steam 
differs from air. 

SECTION III. — HOW WATER 18 CONVERTED INTO STEAM, AND HOW STEAM IS 

RECONVERTED INTO WATER. 

1. If any source of heat be applied to water, the first and obvious effect will be to 
render the water hotter. 

2. But to this there will speedily be a limit. It will be found that when water 
under any given constant pressure has attained a certain temperature, no farther 
application of heat will augment its temperature, but it will then begin to diminish 
in quantity, and, as it were, to disappear ; and if the application of heat be oontinned, 
the water will at length altogether vanish. It has in this case been gradually eon- 
verted into steam, which has ascended into the surrounding atmosphere and mingled 
with it. 

8. But this escape of the steam may be prevented. Let a second vessel be pro- 
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Tided And pnt in coxmeoiion with that in which the water is heated, and let the 
eommonication with the external air be oat ofi. 

4. The steam produced from the water may be collected in this yessel, and when 
M collected, and submitted to examination, it will be found, as I have stated, to 
ponen all the mechanical properties of air. 

It thus appears that the liquid water is conyerted into the elastic fluid steam by 
a certain quantity of heat having been impai-ted to it. 

5. One of the most remarkable changes which the water undergoes when it passes 
into the form of steam is its change of bulk, which is quite enormou& 

6. It is found that a quart of water evaporated under ordinary circumstances will 
produce about 1700 quarts of steam ; but this proportion varies with circumstances, 
u we shall now see. 

7. Let us suppose that a piston is inserted in a tube, and that under the piston 
1 small quantity of water is pUiced. For simplicity, let us suppose that quantity 
of water to be a cubic inch. Let the piston be arranged to press upon the water 
▼ith a force o/ 15 lbs., the magnitude of the surface of the piston in contact with 
the water being a square inch ; and let us in this case put out of consideration any 
effect of the pressure of the external atmosphere, this pressure being represented 
by the 16 lbs. imputed to the piston. Let a lamp be supposed to be applied under 
the tube^ so as to heat the water within. The e£fect of the lamp for some time will 
be merely that of elevating the temperature of the water, but when the temperature 
ehall have attained to 212** of Fahrenheit's thermometer, then the piston will be 
observed to begin to ascend in the cylinder, leaving an apparently unoccupied space 
between it and the water. The quantity of water will at the same time apparently 
diminish. The lamp continuing to act, the piston will continue slowly to ascend, 
and the water slowly to diminish, until at length all the water shall have dis- 
appeared. 

8. The piston will then be found to have ascended to such a height that the space 
bdow it in the cylinder will be 1700 times greater than that which the water 
origioally occupied. This space, which, if seen, as it might be, through glass, would 
appear empty, would in fact be filled with the steam produced from the water, 
which, like air, would be invisible. 

9. In this case we have supposed the steam to be produced under a pressure of 
15 lbs. on the square inch. Let us now, however, suppose things restored to their ' 
original state, and the piston to be loaded with 30 lbs., or with 15 lbs. in addition to 
the atmospheric pressure, which makes a total of 30 lbs. If the same process as 
before be repeated, it will now be found that before the piston begins to ascend, the 
tempeiatore of the water will rise, not to 212°, as before, but to 252" ; the piston 
will then begin, as before, to ascend, and will continue to ascend until all the water 
ihaU hare disappeared. It will not, however, rise now so as to leave 1700 tinaes 
the original bulk of the water below it, but only the half of that amount, leaving 
s space for the steam, thus produced, about 850 times greater than the bulk of the 
vater. 

In short, the piston may be loaded with any pressure greater or less than that 
which we have supposed. If loaded with a less pressure, the water will expand into 
tteam of greater volume ; and if loaded with a greater pressure, it wiU expwid into 
rteam of less volume. The temperature also at which the water wiU begin to be 
converted into steam wiU vary, being higher for greater pressure and lower for less 

ptessure* « i 

10. When the pressure is doubled, the steam produced will not be of precis^y 
doable the density, but wiU not vary much from that proportion. The rewon of ine 
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variation — small as it is — is, that when the pressure is doubled, the temperature of 
the steam is augmented, and an increase of volume due to such increase of tempera' 
ture causes the density of the steam which results to be a little less than double the 
original density. This variation, however, is not considerable, and we may assume, 
as a simple approximate rule, that the density of steam is in the direct proportion of 
its pressure. 

11. As it is of great advantage to retain in the memory the extent to which the 
volume of water is expanded when it is converted into steam, the following aooidental 
proportion will be found useful : a oubic foot contains 1728 cubio inches. Now we 
shall be sufficiently near the truth, for all practical purposes, if we state that a cubic 
inch of water evaporated under a pressure of 15 S^s. per square inch will produce a 
cubic foot of steam. This statement is at once so simple and so striking, that it 
oannot be forgotten. 

12. Knowing the volume of steam produced by a given quantity of water under 
this pressure, the volumes which will be produced under other pressures, greater or 
less, may be inferred with suffioient practical accuracy by the proportion already 
given. Under double the pressure, the volume would be one-half; and under haif 
the pressure, the volume would be double. Thus, if water be boiled under a pressuie 
of 30 Vbs, per square inch, a cubio inch of water will produce half a oubio foot of 
steam ; if it be boiled under 45 fbs. per square inch, it will produce one-third of ft 
eubic foot of steam ; and in like manner, if it be boiled under 74 1^* P^i* square inch, 
it will produoe two cubio feet of steam ; and under 5 fbs. per square inob, threo cubio 
feet of steam, and so on. 

18. This proportion would be strictly accurate but for the faot that the temperatures 
at which the water boils in these cases are different ; but the difference due to this 
need not be now attended to. 

14. It may also be observed, that in general, when the water boiled is exposed t» 
the atmosphere, the atmosphere itself produces an average pressure of 15 &s. per 
square inch, which is understood to be included in the above pressures. 

15. Having thus described the manner in which water is converted into steam, let 
us now see how steam is converted into water. 

The steam which is produced from the water in the manner we have described has 
the same temperature as the water from whence it proceeds. This temperature is 
indispensable to it. The moment you deprive it of any heat, that moment a portion 
of it returns to the state of water, and by the continued abstraction of heat from it^ 
it will all return to the liquid state. 

16. Let us suppose, in the tube which we have already used for our illustration, 
that after the piston has ascended, and the water has been all converted into steam, 
the tube be surrounded by any cold medium, such as a cold atmosphere, the lamp 
being in the meanwhile withdrawn ; immediately a dew will be formed on the inner 
surfkoe of the tube, and the piston will begin to descend. The dew thus formed is 
the water reproduced from the steam, which has been restored to its liquid state, in 
small particles : these are swept down before the piston, and at length, when the 
piston shall have arrived at its original position, all the water will have re-appeared 
at the bottom of the tube. 

The steam will, in fiwt, have been reconverted into water. 

17. Thus, as heat is the agent by which water is converted into steam, the abstrac- 
tion of heat is the means by which steam is reconverted into water. 

This is one of the most imjMrtant qualities in which steam differs from air. No 
known degree of cold is capable of converting air into a liquid, although analogy 
justifies the iafiBrence tiiat some d^jree of cold, though miattainable by any means yet 
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knowB^ would effect iliiff. There are aome airs, in fact, on which art has produced 
this effect, but it has never been accomplished on the atmosphere. 

18. li is precisely this quality, giTing us the power of reconyerting steam into 
water at pleasure^ which enables us to use steam so eztensiTely for mechanical 
purposes, and deprives air of the same mechanical utility. 

SECTION IV. — THE MECHANICAL EFFECT PRODUCED BY THE CONVERSION OF 

WATER INTO STEAM. 

1. The most common and general method of estimating the mechanical effect of 
my ageni is by stating what weight it would raise a certain height, or to what height 
it would elevate a given weight. Thus, if we are told that such or such a meobanical 
•gent is capable of raising ten tons a foot high, we have a distinct notion of its 
tffieieDcy as a moving power. In this view of mechanical effect, it will be seen thai 
ve omii the consideration of time altogether ; whether it be produced in a minute or 
in an hour, the mechanical effect accomplishetl is the same. We shall consider it in 
leferenoe to time hereafter. 

Now the questions I propose to examine are these : 

2. What amount of mechanical effect is produced when a given quantity of watei*, 
as a cubic inch, is converted into steam ? 

8. To what extent, if at all, is sach mechanical effect influenced by the pressure 
imder which the water is evaporated or boiled ? 

4. Let it be xemembered, that the water it supposed to be boiled in a dose vessel, 
fbniished with a valve loaded with a given pressure, so that the steam produced from 
the water shall have a pressure equivalent to that of the valve ; in fact, according to 
oar supposition, it must lift the valve to escape, and colisequently its force must be 
in equilibrio with it. But for our present purpose we shall recur to a mode of 
illostration which will be more easily apprehended. Let us, as before, imagine a 
enbic inch of water placed in the bottom of a tube of indefinite length ; a piston 
being placed in such tu'be, resting on the water, and so fitting the tubd as not to 
permit the steam to escape. Let us suppose this piston, in the first instance, to 
press on the water with a force of 15 fts., the surface of the piston in contact with 
the water having the magnitude of one square inch. 

5. According to what has been already explained, it will be understood that when 
beat is applied to the water to convert it into steam, the piston will be forced 
spwards, to give room to the steam thus formed. Now, it has been shown that the 
room which the steam will thus require will be 1700 times more than its original 
vdame in the liquid state. If then the section of the tube be a square inch, the 
]aston will be raised 1700 inches high, in order to make room for the steam which 
▼ill be produced. Thus a weight of 15 !bs. will be raised 1700 inches, or about 142 
feet. The mechanical effect evolved in the evaporation of a cubic inch of water under 
these circumstances is therefore equivalent to 15 fks. raised 142 feet high. But 15 fibs. 
raised 142 feet high is equivalent to 142 times 15 lbs. raised one foot high, or to 
2130 fta. raised a foot high. Now this weight is very nearly a ton, and as we are 
not here concerned with minute fractional accuracy, the following remarkable fact will 
follow, and may easily be retained in the memory. 

6. A cubic inch of water converted into tteam under these circumstances wiU pro* 
dftet a meehanic€U force sufficient to raise a ton weight a foot high. 

7. But it may be objected here, that we have supposed the water evaix)rated under 
a particular pressure, and therefore at a particular temperature : may it not happen, 
therefore, that if evaporated under a different pressure and at a different temperature, 
a difeient mechanical effect will ensue ? 
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To aaeertain thiB, let ns suppose the piston to be loaded with SO ftm. instead of 
15 Ibe. We bare already seen that in sneh case it would be raised to onlj half the 
height, for the steam produced would have doable the density. Now 80 lbs. raised 
71 feet is exactly equal to 15 lbs. raised 142 feet, and the same eonseqnences would 
follow at any other supposable pressure. 

SECTION v.— THE MECHANICAL EFFECT PBODUCED BY THE CONVERSION OF 8TKAM 

rSTO WATER. 

1. We hare seen that a cubic inch of water makes a cubic foot of steam at the 
common pressure. If, then, a close vessel be filled with steam at this pressure, and 
be so exposed to cold that the steam it contains shall be converted into water, it will 
only occupy a cubic inch for every cubic foot of steam which the vessel previously 
contained. In fact, the vessel which was previously filled with steam wiH now have 
only a small quantity of water in it, the remainder of the space being a vacuum. 

2. It is this property by which steam becomes instrumental in doing, by the mere 
agency of temperature, what is done by the expenditure of so much labour in air- 
pumps and common water-pumps. 

8. By whatever agency a vacuum can be produced, by the same agency a given 
mechanical effect will follow ; for if a piston be placed in the tube in which the 
vacuum is created beneath it, the pressure of the atmosphere will drive the piston 
down with a force of 15 lbs. for every square inch in the section of the piston. In 
air-pumps and common water-pumps, where the racuum is created by pumping out 
the air, the amount of mechanical force expended in producing the vacuum is 
equivalent to the amount of mechanical force which the vacuum itself produces when 
made ; but when a vacuum is made by converting steam into water, no mechanical force 
is expended in producing the effect ; and consequently steam thus produces a mechanic! I 
force in its reconversion into water, as well as in its production from water. 

SECTION VL— HOW KUCH HEAT IS NECESSARY TO CONVERT WATER INTO 8TXAJL 

1. Recurring again to the same mode of illustration, let us suppose the tube and 
piston as before, a cubic inch of water being below the piston ; and let us imagine a 
lamp burning in a perfectly uniform manner under the tube, so that it shall impart 
heat to the water at an uniform rate. Let us suppose, at the commencement of the 
process, the water to be at the temperature of melting ice, but without having any 
ice in it. Let the time be then observed which shall elapse from the first moment of 
the application of the lamp to the moment at which the water begins to be converted 
into steam, and let us suppose this interval to be an hour. The application of the 
lamp being continued, as before, let the process of evaporation go on until all the 
water shall have been converted into steam. It will then be found that the time 
necessary to complete the evaporation will be 5 4 hours. 

2. From this then it follows, since we suppose the action of the lamp to hare been 
uniform, that to convert a given quantity of water into steam requires 5^ times as 
much heat as would be necessary to raise the same water from the freezing te the 
boiling point. 

8. This is a fact of such capital practical importance that it ought to be engraven 
on the memory. 

It follows from it, that if a given weight of fuel is consumed in raising a quantity 
of water from the freezing to the boiling point, 5^ times such weight of fuel will 
be consumed in converting the same water into steam. 

4. Thexe is anollier point of view in which it is both interesting and important to 
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If a thennometer be immened in the steam whioh sball have been produced from 
the water, it will show thai the steam has the same temperature as the water : thus, 
if the water were boiled under the usual pressure of 15 lbs. per square inch, its tem- 
perature would be 212* ; the same would be the temperature of the steam into which 
it would be eonyerted. 

6. But it will be naturally asked in this case, what has become of the enormous 
quantity of heat which has been supplied by the lamp ? If in an hour, while the 
kmp was raising the water from 82* to 212°, it imparted to such water a quantity of 
heat sufficient to raise it 180° higher in its temperature, it must have imparted an 
equal quantity of heat in each succeeding hour, and in 54 hours it would of course 
have imparted as much heat as would hare added 54 times 180°, or 990*, to 212*, 
the temperature of the water, supposing the latter not to have been converted into 
tteam : the jrater would thus, had it not being converted into steam, have been raised 
to the temperature of 1202*, or about 400° hotter than red-hot iron. But in the 
p resen t ease, in whioh the water passes from the liquid to the aeriform state, no 
sugmentation of temperature has taken pUoe at all ; the steam which has received^ 
snd which aetuaUy contains all this enormous amount of heat, being no hotter than 
the water which contained nothing of it. Where is the heat then ? And why is it 
not felt or indicated by the thermometer ? 

6. The answer to the first question is easy. It can be practically proved, as we 
shall presently show, that the heat is in the steam. But the second question reaches 
one of the final points of science, and cannot be answered. The heat which is in the 
rteam, and yet neither sensible to the touchr nor indicated by a thermometer, is said 
io htlatmU. 

7. But we must not be deceived by the use of this word ; it is merely a name given 
to the laet that the heat is not sensible, but it discloses to us no reason for that fact, 

8. It is assumed that the heat has been employed in converting the water firom the 
liquid to the aeriform state, and being employed in maintaining the water in such 
state, is not sensible to the thermometer. This, however, is after all but another mode 
of stating the fiiet, and is no explanation of it. 

9. I observed that the 990* of heat is in the steam, though not senmble to the 
thermometer. We might perhaps be justified in considering this as proved, inasmuch 
as the lamp must be supposed to impart heat uniformly during its action, but we can 
give a yery decisive practical demonstration of it. 

10. Let a cubic foot of steam of the temperature of 212*, which has been pro- 
duced from a cubic inch of water, be supposed to be contained in a close yessel. 
Let 5i entnc inches of water at the temperature of 82* be injected into this yessel 
This eold water, mixing with the steam, will reduce the steam to water, or, to use a 
^h^M^I term, will ctmdtnst it, and we shall find in the yessel 6| cubic inches of 
water ; namdy, the 5| cubic inches which were injected, and the cubic inch which 
was eootained in the yessel in the form of steam, occupying a cubic foot, but which 
has now become water, and occupies only a cubic inch. These 64 cubic inches of 
water will have the temperature of 212° ; that is to say, the same temperature as 
that of the steam which was condensed. 

Now it is eyident that in returning to the state of water, the steam has given out 
as much heat as has been sufficient to raise the 54 cubic inches of water which were 
lifted into the yessel from 82° to 212* ; and yet the cubic inch of water into 
which such steam has been converted has itself the temperature of 212*, being the 
same as that which it had when in the form of steam. It is clear then that the 990* of 
heat which were in the steam are now in the 54 cubic inches of water which were 
injected, and have raised this, as must necessarily haye been the case, from 82* to 212*. 
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11. It is therefore demonetrated that steam has in it as much lieat intensible to the 
thermometer and to the touch as would be sufficient to raise 54 times its own weight 
of water from the freezing to the boiling point. 

12. This result has an important relation to tbe economy of steam power. The 
beat supplied by any fuel of uniform quality, and used in an uniform manner, will be 
proportionate to tbe quantity of such fuel consumed. It follows, therefore, that it 
requires CJ times as much fuel to convert water into steam, supposing the }»'Ocefl8 to 
commence with the water at S^**, as would be sufficient to boil the same quantity of 
water. If the process be supposed to commence at the more ordinary temperature of 
60*, then a still greater proportion of fuel will be necessary for vaporisation. 

13. I have supposed throughout this expedition that the water has been evaporated 
under the common pressure of 15 lbs. per square inch, and at the temperature of 212*; 
but it may l>e asketl, what would be the result if the piocesa were conducted under a 
differeut pressure and at a different temperature ! Might it not happen that tbe 
vaporisativ^ would be effected with a greater economy of heat, which woold be an 
important fact in the application of steam power ? 

14. Such, however, is not the case. It is found that no matter what tbe pressnre 
may be under which the process is conducted, the same lamp, or other uniform 
source of heat, acting on the same water, will take exactly the same time to eonvert 
it into steam. It is true that the qu.nntity of what is called kUent keaty or heat 
of ccnvtrsion will be different^ and will be diminished as the pressnre Is inereaaed. 
Thus each d^ree which is added to the temperature at which tbe water boils by 
increase of pressure will be subtracted from the latent heat of the steam. The man- 
ntr in which this remarkable fact is usually expressed is, that the sum of the latent 
and sen^ble heats of steam is always the same, namely, about 1200*. 

1 5. Thus if water be evaporated under such a pressure that its boiUng point diall 
te 400% then the latent heat of tbe steam produced from it will be SOO"* ; if it be 
evaporateil at SOO*, the latent heat will be 9C0*. and so on. 

16. This is curious ; but the important fact is, that the consuBptton of fotA in. 
the cv>nversion of water into steam is the same, whatever be the p teasm e of i 
|«vxiiiced. 



5TKTI05 VII. — THE XCCHA5ICAL r\>aai OF STLkX BT FTS BXPASSIOX. 

1 . We have seen hi)w a pi;»too is urged frem one end to another of a cyfiBder with 
a deiifldte ^^rce by allowiui^ steam to flow in upon it, and that increased el fc ac y is 
fiwn to thi;$ by creating a vacuiun en the side towards which the piston aiovvB. The 
st«am in thbs v*ase is supposed to flow from the Keller, and to press the pistoa ior^ 
ward with a certain uaiK>rm fcree. The pistcn advances becau:se a tnak, portaoa of 
steam which eaters the cylinder le^^uires mere n.vm, to give it which the aockm o£ 
the vbton i* ceve»»ary. 

When as a*^*h steam has entered la tbi* aiaaaer as U scflicient to ill the cjUadcry 
then the plstoa ^ilt be viHrea to tbe extreme <fcd cf it. Xcw, it is well to 
that in the prvducti-'U vrf ibU ed^vt no ijojuity prcjer to seeas. or whSrh 
steam tK^m aay v*«her fluids is ovocera«;d. 

If a Ito;*^^! Walter. ?vr eaamv*e> were ma^te to flow iato tbe cjTirder with the sane 
^resstix^ aad ta the AS»e quantity, i^ w^?(tIoL rr.dvce rreei^seiy the same c€ees : im &ei, 
^he st«asa awts thaa a^M bevaisse it is aat e^otrw fluid*, bat l^cauae is is a.^avi. aad is 
vmid tma tl» biiihir with a certaia fl^reir. 

^ I M«r «MW %» K t M iv W««vir» a hm^W i}£*.*tent ta wharh r^imm p«r&nmt what 
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tn indastic fluid oonld not perfbfm ; one, in abort, in which it prodoced a mechanical 
efieet in rirtue of that property which steam enjoys in common with air and other 
gaseoiiB fluids, and in which ineiastic fluids, snch as water, do not participate. 

8. Let lu suppose thai the steam flowing into the cylindei* acts njMn the piston 
vith a certain definite force, as one ton, and continues so to act as long as it enters 
the cylinder. 

4. Now let us imagine that when the piston has been thus pushed to the middle of 
the cylinder, the aperture at whicb the steam enters is suddenly closed, so as to 
prevent any fresh supply. The piston wiU then be no longer pushed forward by any 
increased quantity of steam coming from the boiler. It will nevertheless be pressed 
hj the elastic force of the steam, just as it would \f6 by the elastic force of air under 
tlie same eircomstanoeB ; it will still be pressed on by a force of one ton, supposing 
that no adequate resistance obstructs its motion. It will not therefore come to xest, 
but will continue to advance. As it advances^ the steam, expanding into a larger 
ipaoe, will acquire a proportionally diminishing elastic force, and will press on the 
piston with a force less than a ton, in exactly the same proportion as the space occu- 
pied by the steam is greater than half the cylinder. Ultimately, when the piston 
trrires at the end of the cylinder, the steam, which originally filled half the cylinder, 
win fill the whole cylinder ^ and the pressure upon the piston, which was originally a 
ton, will then be in round numbers half a ton. 

5. It appears evident, then, that while the piston is thus moved through the latter 
half of the cylinder, it is urged by a continually decreasing force, which begins with a 
ton, and which ends vrith half a ton. 

fl. If we could calculate the average amount of this moving force, we could at once 
declare the mechanical effect which is produced through the latter half of the cylinder 
in virtue of the expansive power of the steam. 

7. At first view it might appear that the average pressure must be a mean 
between the original pressure of a ton and the final jnressure of half a ton, and that 
nidi mean would therefore be three-quarters of a ton. But such a conclusion would 
be erroneous. 

8. The method of calculating the exact average of a force decreasing in the manner 
we have described requires principles of the higher mathematics* By the application 
of these principles it appears that the exact average of the varying pressures, in the 
ease we have described, would be 1545 lbs. 

9. The mechanical effect, therefore, obtained in this way from the expansive action 
of the steam would be equal to 1545 lb& driven through a space equal to half the 
length of the cylinder. It appears, then, that nearly 75 per cent, has been added to 
the original mechanical efficacy of the steam by this expedient. 

10. It may be asked whether there be any limit to the application of this principle. 
It is known that other fiuids, having the same natural properties as steam, are capable 
of expansion indefinitely, and it might at first be imagined that there is no limit to 
the augmentation of the mechanical force which might thus be obtained from steam ; 
but practical considerations shew that there are not only limits, but comparatively 
narrow ones, to its application. 

11. It will be observed that the piston, which is urged by the force of expansive 
•team, la acted upon by a continually diminishing power of impulsion. When the 
pressure of the steam becomes by expansion less than the load which snch piston 
drives through the intervention of machinery, including the natural resistance of the 
maduDery itself^ then it is clear that the moving power will cease to be efficacious, 
and that the piston must come to rest. 

12. The inertia of the machinery may continue the motion somewhat longer than 
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the moment at which an eqnilibriam takes place between the resiataoee of the lead 
and the pressure on the piston, but this effect must soon expire. 

13. The expedient by which the exx>anaiTe principle may be most eonyeniently ex- 
tended is to use, in the commencement, steam of high pressure and great density ; 
such steam may allow of considerable expansion before it loses so much of its foree 
as to be reduced to an equilibrium with the resistance to the piston. 

14. In all cases the expansive principle eyidently inTolves a oontinual rariatbn in 
the impelling power of the pistcm. 

Now, it seldom happens that there is any similar yariation in the reaistanoe which 
the piston is required to overcome ; and in that case an irregularity of action would 
ensue. In the commencement, the energy of the impelling force being greater ihan 
the resistance, an accelerated motion would be produced, and towards the end, the 
impelling force becoming less than the resistance, a retarded motion would be the 
effect A great variety of contrivances have been suggested by mechanical inventoni 
to equalise this varying action, — 

15. The most common and the most beautiful of which is the fly^whed. This is a 
heavy wheel of metal, well centred, and turning upon its axle with but litUe findioii, 
so that the force necessary to keep it in uniform motion is inconsiderable. The vary- 
ing action of the piston is transmitted to this wheel. When the impulnve force if 
greater than the resistance to the load, the surplus is imparted to the wheel, to which 
it gives a slight increase of speed. Owing to the great mass of matter in the wheel, 
an increase of speed which is scarcely sensible absorbs an immense amount of moving 
force. When the impulse of the piston by the expansion of the steam becomes less 
than the resistance, then tbe momentum of the wheel acts upon the load, and that 
portion of surplus force which was previously imparted to it is given back, and the 
wheel assists, as it were, the diminished pressure and the piston in moving tlM load 
when the latter becomes enfeebled by the extreme expansion of the steam. 

16. The fly-wheel is thus, as it were, a magazine of force which gives and takee 
according to the exigencies of the machinery. When the moving force is in excess^ 
the fly-wheel absorbs the surplus ; when the moving force is deficient) the fly-wheel 
gives back what is absorbed. 

17. Cases occur, however, in the arts in which the resistance to be overcome by 
the piston is of a gradually decreasing nature. In such cases, the expansive aetion 
of the steam, being also gradually decreasing, may be kept in equilibrio with the woik 
without the intervention of the equalising action of the fly-wheel. Thus if the piston 
work a pump by which a column of water is raised, which column flows off at the tqp^ 
the length of the column, and therefore its weight, is greatest when the buckets of the 
pump begin to ascend, and least when they arrive at the summit of their piny. Tbe 
weight in the buckets is in this case of continually decreasing amount, like the 
decreasing force of expanding steam. 

18. But, in most cases, some equalising contrivance is necessary where tiie expan- 
sive principle is extensively used, and where anything approaching to uniform action 
is necessary. 

19. The expansive action of steam is applied in steam engines in various ways, bat 
by far the most usual is that which we have described in the above illustration, by 
cutting ofl* the supply of steam at some point before the completion of the stroke. 
In some cases it is cut off at half-stroke, in some at one-third, and in some at much 
smaller fractions of the entire stroke. In other cases a small and a large cylinder 
fitted with pistons are placed side by side and the steam admitted at a high poressnre 
into the smaller cylinder is there cut off and allowed to expand into the larger 
cylinder. 
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sionov Tm. — how ▲ rkorrou is peodvoid without ooolino the yxssel 

OOlTTAnnNO thk stsax. 

1. 'Willi whatoTer force the piston be impelled, the effects of that force will be 
evidently angmented by an ability to produce a vacnnm, or OTen a partial Tacaom, in 
tltat part of the cylinder towards which the piston mores. 

2. It has been already shown that this may be accomplished, if the cylinder be 
prtrionsly filled with steam, by exposing the steam which has filled it to the contact 
of oold. If a cubic foot of steam at 212** be reconrerted into water by cold, it will be 
reduced to a eubic inch of that liquid, and we shall haye the entire cubic foot, minus 
one inch, a Tacuum ; and therefore, for every cubic foot of steam in the cylinder we 
ihall haTe a cubic foot of vacuum minus one cubic inch. 

8. Bui here we encounter a practical difficulty which long remained without solu- 
tion. If we produce the vacuum by cooling the cylinder, and thus condensing the 
iteam it oontains, we shall be obliged, on the next stroke of the piston, when the 
cylinder must be refilled with steam, to raise its temperature again to that of the 
■team it is intended to contain ; for otherwise the cylinder itself would condense the 
Bteam intended to fill it. Now, the heat necessary thus to warm the cylinder at 
every stroke of the piston would entail upon us an enormous waste of fuel ; yet to this 
▼aste was every steam engine exposed from the date of the invention of that form of 
the engine called the atmospheric engine, in the first years of the last century, until 
the year 1768, when Watt solved the problem to condeme the steam teithout cooling the 
q^wder. 

4. like almost all discoveries of the first order in the arts, this seems astonishingly 
ohvioiis now that we know it ; and one only wonders how it could remain for more 
than half a oentnry undiscovered, human invention moreover being stimulated by the 
prospect of a reward which in the case of Watt proved to be a princely fortune. 

5. The first expedient suggested in the progress of discovery for the production of 
i vaeonm in the cylinder, by the condensation of the steam within it, was to cool the 
cylinder itself by the application of oold water on its external surface. 

This process was slow, and consequently retarded injuriously the rate of action of 
the machine. Accident suggested a much more prompt and effectual method. 

It happened that a leak took place in the bottom of a cylinder, at a point where a 
supply of cold water was placed ; the water, pressed by the atmosphere through the 
hole, spirted up in a jet within the cylinder, and in an instant, by its contact with the 
tteam, condensed it and produced a sudden vacuum. The unusually rapid descent of 
the piston attracted the attention of the Engineer, the cause was investigated, and 
the method of cooling the cylinder on its exterior surface was thenceforward abandoned. 
A cock or valve was placed at the bottom of the cylinder, by which cold water was 
injected when it was required to condense the steam, and another was provided by 
which the water and condensed steam were allowed to escape. In this manner the 
eng^e eontinued to be worked until the application of the invention, which, with so 
many others, has conferred immortality on the name of Watt. 

9. Although the condensation by jet has the advantage, as we have stated, of 
hdng prompt, yet the cylinder was still cooled, and the waste of fuel attendant upon 
reheating it still took place. It is true that a jet of water would in the first instance 
condense the steam within the cylinder without materially lowering the temperature 
of the cylinder itself; but the effect would be that the heat of the cylinder, acting on 
the water contained within it, would immediately reconvert a portion of such water 
into steami and destroy the vacuum before it could take effect upon the piston. It 
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was therefore necessary to throw in hj the jet as mncb cold water as was sufficient not 
merely to condense the steam, bnt also to cool the cylinder down to the temperature 
of at most 100* ; and even at this temperature a portion of the vapour was still 
uncondenscd, which impeded injariously the action of the machine. 

7. The invention of Watt not only had the effect of producing lin almost |)erfeet 
racnum, but it did so without in the slightest degree lowering the temperature of the 
cylinder. The idea occurred to Watt of placing near the cylinder another vessel 
snbmerged in cold water, and having a jet of cold water constantly playing witbin it. 
Whenever it was desired to condense the steam in the cylinder, he opened a commn- 
nicAtion by a cock or a valve between this vessel and the cylinder, and immediately 
the steam, by its elastic fbroe, rushed into this vessel, and was instantly oondenaedt 
leaving in the Cylinder an almost perfect vacuum, and at the same time exposing the 
cylinder to no cold which could in the slightest degree lower its temperature. 

8. The vessel here described, immersed in a cistern of cold water, and having A jet 
playing in it was called a condenser. By the continuance of the process just described 
such vessel would, after a time, not only be filled with 'v^ater supplied from the jet^ 
and the condensed steam proceeding from the cylinder, bnt it would also eontaia 
more or less air which would enter in a fixed form In the water, and which would bt 
liberated by the warmth of the steam condensed by the water. This air would vitiate 
to some extent the vacuum in the condenser, into which it would pass in virtue of its 
elasticity. These impediments were surmounted by the adjunction of a pump to the 
condenser, by which the water supplied by the jet and the condensed steam, aa well 
as the air just adverted td, were constantly pumped out. 

9. This is called the air-pump, 

10. The water surrounding the condenser, unless it were changed, would in time 
become warm, and fadl to effect the condensaticn. This is remedied by the appIieatioB 
of a pump and waste pipe to the cold cistern in which the condenser is sub mer ged. 
The pump cottinually supplied cold water, which, by its com^nurative weight, had a 
tendency to sink to the bottom ; and the Waste pipe, placed near the sor&oe, let 
escape the warm water, which, by its comparative lightness, ascended : thus, with 
these arrangements, the method of separate condensation became complete. 

11. The effect of this invention, with a few others, which will be described here- 
after, was to save about 75 per cent, of the fuel consumed by the steam engines as 
previously worked. Watt and his partner Boulton were content to receive, tm their 
reward for this gift to the arts, one-third of the fsaving which they effected ; and this 
one-ihird proved to be sufficient to enable each of these illustrious men to leave to 
their descendants magnificent fortunes. 

WCTIOH IX. — THE UTCBimCAL ACTIOW Of STKlX HIT BE AVQJ[KSTE3 BT 

HEAT III PARTED TO IT DIRECTLY. 

1. In all the ordinary applications of steam, the heat imparted is applied to wat^ 
from which the steam used ibr mechanical purposes is raised. Heat, however, may 
be imparted directly to the steam itself, aA«r it has been separated from the water, 
and, when so applied, it will augment in a certain proportion the mechanical efficacy 
of the steam. 

It has been thought by some projectors that heat applied in this way might be 
rendered more efficacious than when applied in the evaporation of steam from water. 
It may therefore be worth while to explaim here to what extent the mechanical power 
of steam can be augmented in this way. 

8. It is a remarkable hci, that the effect of heat applied to air and all q>ecies of 
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gaset in aagmenting their Tolnme is preoisely the same. It is found that if air or any 
species of gas be confined within a certain volome, and that heat be applied to it until 
its temperature be raised one degree, its elastic foroe will be augmented by one 480th 
part of its whole amount. Thus if a certain snrfaoe of the vessel which contains it 
safer a pressnre from its elastic foroe of 4 SO fts., the same sarfiuse wiU suffer a 
pressure of 481 lbs. from the temperature of the air or gas being raised one degree. 

8. Now it is still more remarkable, that the rery same law applies to erery species 
of Tapour, that of water included. If then a cylinder containing steam excluded 
from contact with water be exposed to any source of heat, it will receive the above 
aagmientatton of pressure for every degree by which its temi>erature is elevated. This 
inopease amounts, in roond numbers, to one-fifth per dent, of the whole mechanical 
effect. 

4. It is searoely necessary to say that the same quantity of fuel which would 
produce this increase of mechanical effect, applied directly to a vessel containing 
steam, would produce a greater mechanical effect, applied to a boiler to produce steam 
from water. 

It is therefore not neoessary to dwell further on this principle, as invention has not 
yet profitably employed it in the case of steam. 

8SCTJ09 Z. — HOW A PISTON IS MADE TO MQYE A^TERXATEX^T FROM ENQ TO 
£2fl} or A ^YlilNpER WITH A pSFINITE MECHANICAL FORCE. 

1. It is evident that if steam can be admitted on one side of the piston, and with- 
drawn on the other, the piston will move in obedience to the pressure on the side at 
which it is admitted. 

5. li^ when the piston arrives in this manner at the end of the cylinder, the steam 
which has impelled it be withdrawn, and at the same time steam be admitted on the 
other side, the piston will move back again from exactly the same cause. 

Thus to produce the alternate motion of the piston, it is only necessary to provide 
means for the alternate admission and escape of the steam at each end of the 
eylinder. 

8. This supposes two apertures of some kind at each end, one for the admission 
and the other for the escape of the steam : it supposes also one of these apertures to 
eommunicate with the boiler, where the steam is generated, and the other to com- 
munieate with the condenser, where the steam is destroyed. 

4. It supposes, moreover, some means of alternately stopping and opening each of 
these apertures. 

The means whereby this is efiected are very numerous. 

5. It may be done by stoppers which fit steam-tight into holes, from which they 
are lifted or drawn, and to which they are returned alternately, just as the stopper of 
a decanter would be, only that they are made more conical, in order that they may 
be more suddenly opened and closed. These are usually made of brass or gun-metal, 
and may be ground so as to fit with great precision. 

These oontrivances are called conicai valves. Those which open a communication 
with the boiler are called tteam vcUvet, and those which open a communication with 
the condenser are called ex/Must vaivts, 

<S. Now supposing that we are provided with such contrivances, and are supplied 
with the proper mechanism for opening and closing them, nothing can be more simple 
than to work the engine. 

7. Although it is not necessary that the eylinder be placed in a vertical position, 
and very often it is not so, yet, for the convenience of explanation, we shall here 
iQppose it in that position, and we shall distinguish the two steam valves as the 
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upper and /otr«r, and the aame with the two ezhaiuit valTet. Let na then sappose 
the piston to begin ita motion at the top of the cylinder, and let the cylinder under 
it be imagined to be filled with eteam, all the yalves being dosed. Let the upper 
steam TalTe and the lower exhaust yalvo be simultaneously opened. Steam will flow 
through the upper steam valve above the piston, and the steam below the piston will 
flow through the lower exhaust valve into the condenser, where it will be destroyed. 
We shall have a vacuum under the piston, and the pressure of steam above it. The 
piston will therefore descend to the bottom of the cylinder. 

8. When it arrives there, let the two valves, which have just been supposed to be 
opened, be closed. The top of the cylinder will now be shut off from the boiler, and 
the bottom from the condenser. At the same time, let the lower steam valve and 
the upper exhaust valve be opened. The steam which filled the cylinder above the 
piston will immediately rush to the condenser through the open exhaust valve, where 
it will be destroyed, and steam from the boiler will pass below the piston through the 
lower steam valve. Steam pressure will therefore act below the piston while there is 
a vacuum above it, and the piston will ascend until it reaches the top of the 
cylinder. The constant repetition of the same process of opening and closing the 
valves in pairs would obviously in this manner continue the alternate action of the 
piston from end to end of the cylinder. 

9. In the earlier steam engines this process of opening and closing the valves was 
executed by the hand of an attendant, and, like all constant mechanical action which 
depends on the human will, was done irregularly. It soon became apparent that the 
piston itself could be made to execute this with the most perfect eertainty, regnlaritj, 
and precision. Tradition says that an uneducated child, named Humphrey Poiier, 
was the inventor of this improvement, by which the steam engine first became a self- 
acting and self-regulating machine. 

10. From what has been above explained it will be evident, that although tkers 
are four independent valves, there is in reality only a single motion, and that all the 
four may be easily managed to be connected so that the motion to be imparted to 
them may be effected by a single impulse proceeding from any convenient part of the 
machinery. 

11. When the piston arrives at the top of the cylinder, two valves — ^the upper 
steam valve and lower exhaust valve — are required to be opened ; and at the same 
moment the two other valves — the lower steam valve and upper exhaust valv^^ 
must be closed . Now as all these movements are simultaneous, it may be eaaly 
imagined that the four valves may be so connected that a single movement imparted 
to them should open one pair and close the other pair. 

12. When the piston arrives at the bottom of the cylinder, a single motion in the 
contrary direction will evidently effect the object to be attained, that is to say, to 
open the lower steam valve and upper exhaust valve, and close the upper steam valve 
and lower exhaust valve. 

13. These communications between the ends of the cylinder and the boiler on the 
one hand, and the condenser on the other, are often governed by means even moie 
simple than by the valves we have jjist described. 

14. The two 0])enings or ports leading to either end of the cylinder are sometimes 
made in flat surfaces upon which metal covers or slides are made to move backwaids 
and forwards by means of a rod actuated by an eccentric on the working shaft. The 
slide opens and closes the parts alternately, and by the same action causes the escape 
of the waste steam into the condenser, or into the atmosphere. The slide works in 
a chamber called the valve chest, into which steam passes from the boiler. 

15. These contrivances are called ulid^s. 
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16. If the steam be used ezpansiTely, by shnttiiig it off before the completion of the 
itroke^ the times of opening and shutting the sereral apertures will not be the same. 

17. The opening by which the steam is admitted will in that ease be dosed at the 
moment when the piston has completed a certain part of the stroke, and the ralve for 
the admission of steam at the other end must not be opened till the end of the stroke. 

18. When a cylinder is so worked, there will then be three epochs in each stroke at 
which the tsItos must be acted upon, — at the commencement when the steam is first 
idmittcd to impel the piston, at some intermediate point when its influx is stopped, 
sod at the extremity when it is let in on the other side. If conical Talves be used, 
ittch as we haye first described, each moTing independently of the other, it is easy to 
eoQoeiTe how these effects may be produced ; but eren with slides they are also 
managed by so adjusting the slide to the opening, that by two successiye motions, 
made at different points of the stroke, the effect is produced. At the commencement, 
the slide being advanced through a certain space, the steam is admitted on the one 
lide of the piston and withdrawn from the other ; at an intermediate point, the slide 
being further adraneed, the influx of steam is shut off, but the efflux on the other 
lide still permitted ; at the termination of the stroke, another movement of the slide 
admits the influx on the other side, and the efflux on the opposite side. 

19. The efficiency of the operation of the piston greatly depends on its being steam- 
tight in the cylinder. The least leakage from the one side to the other would cause 
the steam to escape to the vacuum side. It is true that, arriving there, it would 
immediately msh to the condenser, so that it might not sensibly impede the action of 
the piston, but it would still be a source of waste of power. 

20. Pistons are rendered steam-tight by metallic packing. 

21. Between the two plates forming the top and bottom of the piston are placed a 
lumber of metallic rings, one above the other, so as to fill the space between the two 
plates, and having their diameters a littie less than that of the cylinder : these rings 
are nsoally cut into three or four segments, the points at which each ring is cut not 
MTTC^KHiding with those at which the rings above and below are cut. Within these 
iQgBents are placed springs, which, acting from the centre of the piston, urge the 
Mgments against the surface of the cylinder. The construction of these and the form 
of the cylinder itself have been brought to such a degree of precision, that these 
fistons aet with complete efficacy ; and use, instead of injuring, improves them. 

22. In all the preceding explanations it has been supposed that the steam is 
admitted at either end of the cylinder at the moment that the pirton has arrived there, 
sad ii abont to commence its action in the opposite direction. In practice, however, 
it is eonvenient to admit the steam a littie before the moment when the piston 
naehes the extremity of the cylinder : this is attended with the advanta^ of assisting 
to break the shock which would attend the sudden change in the direction of the 
motioii of the mass of matter composing the piston and rod, and the other parts of the 
machinery which partake of their alternate motion. The steam admitted just before 
the molioa of the piston is reversed, acts as a sort of cushion to receive the piston. 

28. Th«ae and other matters of practical detail in the operation of the engine, 
render the time of opening the valves a very important matter, and machinery is 
aeoratUngly provided for regulating the moment of their opening with the greatest 
eertaiiity aad preeiBion. 

BICnON XI. — ^HOW THE ALTERNATE MOTION OF THE PISTON BOD IS CONYETBD TO 

THE WORKING BEAM. 

1. Ib moct stationary engines of the laiger class, the power exercised by the piston 
ia a steam engine is in the first instance imparted to a beam called the working 



440 STEAM ENQINB. 

beamt which is supported on a fixed axis, and which Tibrates alternately upwards and 
downwards. 

Now, it may at first view appear that we might at once impart the motion of the 
piston to tho beam by attaching its extremity to that of the beam by a common joint 
and pin, but the slightest reflection will show that saoh an arrangement would be 
incomitatiblo with what has been already stated. 

2. It will be remembered that the piston-rod is a thick rod of iron, aoonratdy 
formal and polished, that it is firmly attached to the centre of the piston, and that 
the construction and operation of the cylinder and piston require that the rod should 
accurately move in a straight line upwards and downwards. Now, the end of the 
beam, which ribrates alternately on a horizontal axis, will more alternately upwards 
and downwards, but not in a straight line. It will move alternately im the aro of a 
cirelo, tho ci^ntro of which will be that of the axis on which the beam Tibrates. U, 
then, we attempt to connect immediately the end of the piston with the e&d of 
the l^eam, the consequence will be that the end of the piston, following the motiou 
of the cud of the K'ani, wUl be mored alternately upwards and downwards, in a 
circular ar\\ and consequently would be strained or bent, and its action im the 
cylinder disturbed. 

3« Ther^ an? several ways of surmouniing this difficulty, all of which ooosisi in 
interposing between the end of the piston-n^l and the end of the beam aonie pieee 
of meohani&m which will allow the rNtilinear motion of the one and the altemala 
einnilar moliv\n of the oUier. 

4. The mo«t »m)>le expedient of this kind consists of a rod of metal, woriduig at 
\^ne cr.d bt a piroi on the Kedun. and at the other by a p irot on the tad of tlie piston- 
ivsl« la thU MMi\ Wwet^r, thex>» w\>uld sdll be a liability (o tiniamg tlie pbfcoB-rDd 
fKvRH it» rediUnoiir ttK>«ix>is w«r» it not reinaiited by sl^sk speeaes of gude. A 
cvvR^KKNU VKrt>K>d of e^'tis^ this U to attak-^h at tbe top c^ the pistoB-rod a erasa pieea 
»> a» to abske w;th it a fora Lke tbe leuer T. The e»ls «f tkis cnHs ptaea are 
tw> jC^.W ctt ixevi Uf ci^t r^xs.. cr biHweeci ixec tx\ ipAates c/ irva, eafied 
l);tt i^M«>^ ^A$4 ttay T<M&$t a;T tee>k»c7 to sirain ibe iMSnu TW yont 
<vajKv'4av; t>!e >xj4s 41 V ilk tk< eci cif li-e leas £at be atu-abed t^ titt caia of Iks 

«V It » %.>« :rii$;«fg»ab<T Morssary i^i a Snor sk^t^ ht f^jj^.-^eil at aB, aid m 
t^'ma es^%M« ;^ meaU i&a^^tcSe asii ^.-cnars z:fil :t ss minai. A rod 
&><*« t^ .'T.iis^ kina.-. X l^ psa^a i.riv-ilT v itif mxk jtx ic t^ 

N. la Tzja T ,tfeM«s. a3>i Mf-^^*tiC'<t ^x Uit iar^ Ma9» .-c 
is; HATxia.'^-o^k t>^ Tis9o3;-rvx£ »> ArooMcfvsi vitt i^ )«saL If a noESivaase odoi a 
yiA'-iMA M»/.^'/H^ ^s » a jv-ttL^i TiatTJtt. .'< r.>^ a; arrax^wic axii ircaed M^aia' thai 
wkiV «iiN ^^ tlMNiz- ^v^rdBF tt iftT'^YC ^Kr&iMi!;T :x a STrxTtar vs. lk» tke ei^ of tks 
Wmtk ^tom )<k<aii:t i;7ya tk<<at ^ -Jii^ )«( m/^t^ri iklKirsaicihr x.i<«a::» aaia 
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D to Tibraie alternately in the arc d' d", it will be found that the point x will ascend 
ind descend in a line x' x", which will not deriate sensibly from a straight Lne, in a 
Tertical direction ; in fiiet, if a pencil were attached to the point x, and a surface held 
behind it^ such pencil, by the motion of the rods, would trace a Tertical line upon the 
nrfiue. 

Now, if we imagine c b to represent the beam of the engine, and o d and b d rods 
coimeeted with it in the manner already described, o being attached to a fixed piTot> 




then the point x, being attached to the top of the piston-rod, will moTO with it freely 
upwards and downwards in a true Tertical line, and will, through the combination of 
rods just described, impart motion to the end of the beam b. 

9. To demonstrate strictly this, would require the application of mathematical 
principles not compatible with our present object ; nor, indeed, is it strictly true, in 
a geometrical sense, that the motion of the point m takes place in a straight line ; its 
deriatioo, howeTcr, from a Tertical line, within the limits of the play given to the 
learn and piston, is so extremely small as to have no practical effect whatever. 

The general effect of the combination here described may be understood thus : — 
When the point B is moved upwards to b', the upper extremity of the rod b d is drawn 
i little to the right, and at the same time the lower extremity d, being moved to b', 
is drawn a little to the left. When the extremity b descends to b", the extremity p 
desooidB to b", and the ends are again drawn the one a little to the right and the 
other a little to the left It will be easily understood that in this case, while the 
ends of the rod b b are thus alternately made to move right and left, there will be an 
intermediate point of it which will neither deviate on the one side nor on the other. 
The upper half of the rod, in fact, is continually inclined towards the right, and the 
lower half towards the left, the middle point being affected by neither motion, and 
therefore being moved vertically upwards and downwards in a direct straight line. 
This is the principle of the parallel motion. 

10. In its practical application it appears somewhat more complicated, for in order 
to accommodate the arrangements of the beam and piston-rod, a great number of rods 
sod joints axe necessary to be used ; but these are mere matters of mechanical conve- 
nience^ and have no effect upon the principle of the arrangement. 

TOL. m. . 
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It is therefore now apparent that the alternate motion of the piston-rod npwarda 
and downwards in a straight line imparts a corresponding alternate motion to the end 
of the working beam in a circular arch. 

11. Although we haye, as usoal, here described the arrangements as if the cylinder 
were vertical and the beam placed oyer the piston-rod, this position is neither 
necessary nor is it invariably adopted. Sometimes the beam is placed below the 
cylinder, and the rods of the parallel motion or connections, with the cross head and 
guides, are made of sufficient length to extend down to the beam. Sometimes the 
cylinder is horizontal and the beam vertical, and cases even occur in which it ia 
found convenient to place the cylinder in an inclined position ; but all these are 
matters of arrangement to be determined by the circumstances in which the engine is 
applied, and have nothing whatever to do with its mechanical principle. 




SECTION Xn. — HOW THE ALTERNATE MOTION OF THE WORKINQ BEAM PRODUCES 

A MOTION OP CONTINUED ROTATION. 

1. Of all sorts of motion, that which is most frequently required n the arts ia one 
of continued rotation. Mills 
in factories of every kind are 
impelled by machinery which 
receives its motion from a 
wheel kept in constant rota- 
tion. 

Ships impelled by steam 
engines over the deep are 
driven by paddle-wheels or * 

screws, to which constant rotation must be im- 
parted. CSarriages on railways are propelled by com- 
pelling one or more of their wheels to revolve con- 
tinually by the application of adequate power to it. 
This is so evident, that one of the first and most im- 
portant problems the steam esgineer has to solve is 
how to make the alternate motion of the piston-rod 
produce the continued rotation of a wheel. 

2. The contrivance by which this is effected 
almost universally is called a connecting rod and 
crank. 

The crank is an arm sometimes attached to the 
centre of the wheel to which revolution is desired 
to be imparted, and the wheel is made to revolve 
by it by the same mode of action as that by which 
a winch turns a windlass. 

Thus, if K be the centre to which motion is to be 
imparted, k i is an arm or lever fixed upon such 
centre. A pin called the crank-pin is attached to 
this at I, which forms the joint by which the con- 
necting rod is united with the crank, i h is a 
strong iron rod extending from the crank pin to the 
end of the working beam, with which it is connected 
by a similar pin. The weight of this oonnecting 
rod is so adjusted that it exactly balances the 
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weight of the piston and its rod attached to the other end of the beam. In the 
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figure the ennk is represented by dotted Imes in the different positions which it 
assmnes as it revolTes. As the end of the beam is mored upwards and downwards, 
the erank will be tamed round the centre k, and a motion of continued rotation will 
be produced, which will be communicated to any wheel fastened upon the axle k. 

8. To make the action of the piston upon the erank perfectly clear, let it be sap- 
posed that the piston is in its descending stroke. The force of the steam upon it is 
imparted by the rod and the intermediate mechanism to the end of the beam which 
is drawn down. At the same time the other end of the beam, with the connecting 
rod, is drawn up. The crank is thus made to ascend from its lowest to its highest 
position, to which it arrires when the piston has reached the bottom of the cylinder. 
When the piston ascends, the force of the steam is in like manner transmitted to the 
beam by the piston-rod, which is made to ascend, and the opposite extremity, with 
the connecting rod, descends, by which the crank is driTon to its lowest position 
on the nde opposite to that on which it ascended, and thus a motion of continued 
rotation is produced. 

4. But in this action there are particulars necessary to be noticed. There are two 
positions which the crank assumes, in each reyolution, at which the force of the piston 
can haTe no effect in continuing its motion : these positions are those which the 
crank asBumes when the piston is at the top and at the bottom of the cylinder, the 
points at which it changes the direction of its motion. When the piston is at the 
bottom of the cylinder, the crank-pin is immediately abore the axis to which the 
erank is attached : in this position the force of th^ piston would have no other effect 
than to press the crank perpendicularly upon the axle, and eyidently would have no 
effect whaterer in making it rerolye. If we were to suppose then the entire ma- 
diinery at rest in this position, the steam acting on it could not put it into motion. 

5. Again, if we suppose the piston to be at the top of the cylinder, the crank-pin 
▼ill then be at its lowest point, and will be directiy under the axle : the effect of the 
fteam acting abore the piston would then be to press the crank-pin upwards against 
the axle, but it could hare no influence in turning it. If, therefore, the machinery 
were at rest in this iKieition, it could not be put in motion by the steam. 

In any intermediate position, howerer, the connecting rod would act on the crank 
with a leverage more or less effectire, and would more it. 

a. The two points which we hare here described, at which the crank-pin assumes 
its highest and lowest position, are usually called the dead points. 
' Now it may be asked why the engine does not cease to more every time the crank- 
pin arriTes at these dead points, seeing that there the moving power, however 
eoergetie, can have no effect on it. 

7. The answer is, that the machinery is extricated from this mechanical dilemma 
m virtue of the common property of matter called inertia, by reason of which, when 
it has aoquired any definite motion in any certain direction, it will not suddenly stop, 
even thoo^ it be impelled by no external force, but will continue to move until the 
momentum it had aoquired be exhausted by friction and other resistance. 

8. Since, then, the motiye power continues to exercise more or less force up to the 
dead points, the machinery, arriving at them, has some definite motion, and the 
HKHnentam oonsequent upon that motion carries the crank out of the critical position 
ve have referred to. 

9. Bnt^ independentiy of the dead points, there are other circumstances attending 
tiie action of the connecting rod on the crank, which are necessary to be explained. 
By the intervention of the beam, the force of the piston is transmitted to the crank- 
pb in the direction of the connecting rod. Now by observing the diagram above 
given, shewing the successive positions of the connecting rod and erank, it will be 

oo2 
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seen that twice in each reyolation the connecting rod is at right angles with the 
crank, but that in other positions it :as more or less obliqne to it ; the extremes of the 
obliquity terminating alternately in t^e dead points, in one of which the connecting 
rod and crank are brought into a continued straight line, and in the other the crank 
is as it were doubled on the connecting rod. 

10. Without resorting to the language of technical geometry, it will be apparent 
that the action of the connecting rod on the crank is most energetic when they are 
at right angles : and that according as they become more and more oblique, and 
approach the dead points, the action becomes less and less effective. It diminishes 
rapidly in approaching these points, and is altogether extinguished on arriving at 
them. It appears then that the action of the connecting rod on the crank is subject 
to a regular variation in each semi-revolution : a maximum when they are at right 
angles, it diminishes, and at length vanishes when it arrives at the highest point ; 
then, in descending, it re-appears, augments, and is a maximum at the point where 
they are at right angles ; then it again diminishes gradually, and ultimately vanishes 
at the lowest point ; having passed which, it again re-appears, augments, and is a 
maximum when it assumes its rectangular attitude. 

11. Now although the inertia of that portion of the machinery which is once put 
in revolution be sufficient to prevent the motion from ceasing, and the engine coming 
to a dead lock when the crank-pin comes to the dead points, yet it is not generally 
sufficient to prevent a very great inequality of motion from arising from the cause 
which we have here explained. An expedient accordingly has been resorted to, which 
perfectly counteracts this inconvenience, and equalises the motion. This expedient is 
the fly-wheel, which we have already described. 

12. The fly-wheel is placed on the same axle k as the crank, and it is made to- 
revolve simultaneously with the crank. This wheel is so nicely balanced on its 
centre, and moves with so little friction, that it absorbs a very inconsiderable portion 
of the moving power. It is usually made of very large diameter, and its ring or 
circumference is composed of a very ponderous mass of metaL All this metal is put 
in motion by the moving power, and, from its great mass, has a considerable mo- 
mentum even when the velocity is moderate. When the crank is at the dead points, 
this mass, by its momentum, continues the revolution, and carries the crank into a 
new attitude, where the moving power exercises an influence on it. When the crank 
and connecting rod are in that position in which their action is most energetic, the 
fly-wheel absorbs a part of the moving power. As the crank approaches the position 
in which the action of the moving power upon it becomes enfeebled, the fly-wheel 
gives back to the machinery such surplus power as it received when the action of the 
crank was most energetic. 

13. Between the fly-wheel and the engine there is, therefore, a continual recipro- 
city of action and interchange of power, which in practice completely equalises the 
velocity ; and there is in fact no perceptible difference between the speed of the 
movement at the dead points, where the moving power loses its influence, and at the 
middle of the stroke, where its action is most effective. 

14. To minds not very familiar with mechanical considerations, it may seem 
extraordinary that the intense action of the moving power upon the fly-wheel at the 
middle of the stroke should not at these points produce a perceptible acceleration 
in its motion, and a corresponding irregularity, therefore, in the motion of the 
machinery which it drives ; but it must be considered that the excessive mechanical 
force exerted at the middle of the stroke is imparted to a great mass of metal col- 
lected in the rim of a very large wheel. Now the velocity which a given force 
produces is diminished in the direct proportion of the mass of matter to which it ia 
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imparted : Urns a force which would giro a certain speed to a ton of metal would 
^Te only s tenth part of such speed to 10 tons. The weight collected in the rim of 
the fly-wheel is so great that the excess of power of the engine at the middle of the 
stroke^ when imparted to it, produces an inconsiderahle increase of speed. But this 
inereaae of speed, inconsiderable as it is, is produced on the circumference of a Tery 
iaige ciicle, and the mass of matter thus moTcd must be carried through a very 
eonndenble space in making eren a single rcTolution. Thus, what between the 
great mass of metal collected in the rim of the fly-wheel and the great diameter of 
the fly-wheel itself the unequal action of the crank is rendered absolutely imper- 
ceptible. 

15. In some elementary works on the steam engine, proceedmg from persons who, 
howerer respectable their practical attainments, are deficient in mathematical know- 
ledge, the crank is represented as an imperfect oontrirance, and an eztensire source 
of waste of power, owing to unequal action. 

Nothing can be more fallacious than the reasoning of sucSi writers. It can be 
demonstrated by the most strict geometrical reasoning, and the result is rerified by 
experience^ that in the action of the crank and fly-wheel there is no other loss ot 
power than such as is incidental to the common and well-understood causes of frictioQ 
and atmoepherio resistance. 

16. Owing to such fallacious notions, much raluable inventire power has been 
wasted in attempts after the contriyance of what are called rotatory steam engines, 

A rotatory steam engine is one by means of which a movement of continued 
rotation may be immediately given to a piston, or, in other words, by which the 
power of the steam can be immediately applied to a revolying wheel without the 
interposition of a piston, cylinder, beam, and crank. If such an application could be 
contrived without the various countervailing losses of power which have hitherto 
inrariably attended such projects, it would certainly have some advantages ; but it is 
Qoi easy to see how such an object can be attained, and at all erents, notwithstand- 
ing the expenditure of a vast amount of ingenuity and capital, it has never yet been 
effected. 

17. Gases occur, as for instance in the locomotive and marine engine, in which a 
fly-wheel cannot conveniently be attached to the steam engine, and yet ^where uni- 
fonnxty of action is necessary. In such cases the object is usually attained by using 
two cylinders, which drive two cranks constructed on the same axle, but having such 
positions that when either is at its dead point, the other is at its point of maximum 
efiidency. Thus, while the efficiency of one crank increases, the other diminishes, 
and rice vtrsd, and the sum of their actions at all times is nearly the same. 

SSOnOV XIII. — HOW THE 8TBAV SHOINE IS RIHDEBED ▲ SELr-AOTIirO XAOHIKE. 

1. We hate already stated that this is accomplished by making the engine open 
and cUm^ at the proper times, the valres by which steam is admitted to and dis- 
charged from the cylindei*. In the earlier engines this was accomplished by a bar or 
rod attached to the end of the working beam, and carried down parallel to the cylin- 
der. On this bar were attached pins, so placed that as it ascended and descended 
th^ struck the handles or levers of the respective valves, and opened or closed them, 
as the case ndght be. This method is still used in some of the larger class of engines 
applied to the pumping of water. Where slides are used (as indeed is almost invari- 
ably the case), they are generally moved by an apparatus attached to the crank shaft, 
called an eccentric. 

2. This consists of a circular plate of metal b p, which is fixed upon a point o at 
some distance from the geometrical centre. Round this eccentric point it is made to 



446 



STEAM ENaiNE. 



rerolTe, and in reroMng it is evident that its geometrical centre, rerolTing round its 
centre of motion, will be thrown alternately to the right and to the left of such 
centre. 

8. Now let us suppose this circular plate to be surrounded by a ring, within which 
it is capable of turning, but so that the ring shall not turn with it. 

Then such ring will be thrown alternately to the left and to the right of the centre 
on which the eccentric plate is made to turn, and the length of its play, right and 
left, will be equal to twice the distance of the geometrical centre of such circular 
plate from the centre on which it turns. In the figure annexed, a is the centre on 
which the circular plate revolves ; c is its geometrical centre ; r i is the ring which 
embraces it, and within which it can turn. To this ring is attached a conneoting rod 




or frame, L M H. As the centre c is thrown alternately right and left of a by the 
revolution of the plate, the point u receives a horizontal motion, right and left, to a 
like extent. 

This motion is transmitted by means of levers to the slides of the engine by obvioos 
and well-lbiown mechanical contrivances. 



SECTION XIV. — HOW THE MECH.VNICAL EFFECT EXERTED BT THE PISTOH IS 

ASCEBTAJ^•ED. 

1. Whatever be the circumstances under which the engine is worked, it will never 
happen that throughout the entire length of the stroke the pressure of steam on the 
piston will be exactly the same. Still less will it happen that the vacuum towards 
which the piston moves will be uniformly perfect. 

The moment the exhausting valve is opened, the steam begins to rush from the 
cylinder to the condenser, but its condensation is not instantaneous. The first 
portion which mingles with the jet produces warm water, from whence steam is repro- 
duced ; and it is not until so much cold water has been mixed with the steam as will 
reduce its temperature considerably below 100*, that the vacuum in the cylinder will 
become practically perfect. 

2. The more speedily this effect is pix)duced, the more efficient will be the opera- 
tion of the machine, but it never is produced until the piston has already made some 
portion of the stroke. The piston, therefore, begins to move against a vapour which 
ofEen some resistance more or less considerable, and the impelling power of the steam 
aI the other side is to such extent neutralised. This resistance gradually diminishes, 
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And vhen the piston has made a certain portbn of the ttroke, it vill hare been 
ledioed to its minimum amount. 

It is erident, then, that this resistance mnst be ascertained and calculated before 
we can determine the mechanical efficiency of the piston. 

8. But this is not all ; the steam which impels the piston nerer acts thronghont the 
stroke with uniform effect. When it acts expansirely, bebg eat off at some deter- 
minate point of the stroke, we bare already seen that it acts with an uniformly 
diminished pressure ; but even where the expansiTe principle is not used, the steam 
is still cut off a little before the completion of the stroke. 

4. There is still another point to be attended to. We are able by easy means to 
ascertain the pressure of steam in the boiler, but it would be a great mistake to 
assume that this must be the pressure of the steam in the cylinder. In passing from 
the boiler to the cylinder, the steam has to force its way through Tarious passages, 
some of whidi are very contracted, and in so doing it suffers an effect which engineers 
ezpren teehnically by the term toire-drawn. In fact, the steam loses somewhat of its 
denaty before it reaches the cylinder. If, then, we would know the real mechanical 
pressure on the piston, we must measure directly the pressure of the steam in the 
cylinder, snd not deriye our knowledge from its pressure in the boiler. 

5. If we can at each successiTe point of the stroke ascertain the exact pressure of 
the steam which impels the piston, and also the pressure of the unoondensed yapour 
which resists it, we have only to subtract the one from the other to obtain the 
effieient pressure on the piston at the moment ; and if we can do this successirely 
throughout the entire stroke, we shall obtain the total mechanical efficiency of the 
engine. 

0. A beautiful little instrument was, among the numerous results of his fertile 
genius, inyented by Watt for this purpose, called an indicaUn; (See Section xzrii., 
title ^^WaU*$ Indicator") It consists of a brass cylinder, something less than 2 inches 
in its internal diameter, and from 8 to 12 inches in length. It is bored with extreme 
aoeoraey, aod a solid piston moves steam-tight in it with very little friction. 

7. This cylinder is open at the top, and the piston-rod is kept precisely in its axis 
by passing through a ring placed near the top. A spiral spring surrounds the rod of 
tbe cylinder, ahd is attached at one end to the ring through which the rod plays, and 
at the other end to the piston. When no force acts on the piston, and this spring is 
therefore neither extended nor compressed, the piston stands at the centre of the 
length of the cylinder ; when any force presses the piston upwards, the spring is 
co mpr es se d, and the pbton rises ; and when any force presses the piston downwards, 
the spring is extended, and the piston descends. 

From the known mechanical qualities of a spring of this species, it follows that the 
qiaoe through which the piston rises or falls always indicates the force by which it is 
urged. 

At the top of the piston-rod, and at a right angle with it, is attached a pencil, 
which idays upon a card properly placed, and traces upon it a line according to the 
ascent or descent of the piston. 

While the piston of the engine descends, the card is moved horizontally against the 
peneii through a certain space ; and while it ascends, it is moved back again through 
the same space : by this combination of movements a geometrical figure is traced 
upon the card, the breadth of which, measured vertically, represents for each point 
of the stroke the effective pressure, and the entire area of such figure represents the 
total effect. 

When the steam acts against the piston of the indicator, the space through which 
that piston ascends represents the excess of the pressure of the steam above that of 
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the atmosphere ; and when it descends by reason of the Tacuom, the space through 
which it descends represents the excess of the pressure of the atmosphere abore the 
pressure of the unoondensed Tapour : consequently, the sum of these two spaces will 
represent the excess of the pressure of the steam which impels the piston of the 
engine abore the pressure of the unoondensed vapour which resists it ; and this being 
taken for each successive point of the'stroke, it follows that the entire area of the 
figure will represent the effective action of the piston of the engine. This will be 
more clearly understood by referring to the figures, with their expUnations, in Section 

XXVII. 

8. The chief value, however, of this contrivance consisted more in its indicaUon of 
the action of the condenser than as affording a direct measure of the effective action 
of the machine. It showed at once, and in a manner quite unequivocal, whether the 
condenser was doing its duty, and whether the condensation was sufficiently prompt. 
The moment the exhaust valve is opened, the piston of the indicator ought suddenly 
to drop ; and although it will sink lower while the stroke proceeds, the chief motion 
should be instantaneous. When the condensation is not prompt, then the piston falls 
more slowly, and shows either that there is not enough water injected, or that some 
other impediment interferes with the due performance of the condenser. 

9. Dynamometers are occasionally used to measure the force exerted by engines. 
Some of these, as Morin*s dynamometer, record by diagram on paper the work done 
in dragging a load or driving a shaft. 

For testing the power of the smaller class of engines, a very useful and oonyenient 
apparatus consists of a pulley mounted in suitable framework, and driven by the 
engine. 

A flexible break is applied round a considerable portion of the circumference of this 
puHey. Weights are hung on the break-strap to produce friction. These are 
adjusted until the friction of the break becomes equal to the power expended in 
turning the pulley at aoy assigned uniform velocity. In that case the weight is kept 
in equilibrium, neither rising nor falling, and thus measures the work done by the 
pulley : that weight being equal to a weight of the same magnitude lifted vertically 
through the space described by the circumference of the pulley. 

SLCTIOX XV.— HOW THE HEAT IS PRODUCED BY WHICH STEAM IS MADE. 

1. The cylinder, piston, beam, connecting rod, crank, and fly-wheel, are, like all 
other pieces of mechanism, mere contrivances by which mechanical force is trans- 
mitted and modified. There is nothing in them by which mechanical force can be 
produced. Once at rest, at rest tbey would for ever remain, unless some motive 
power were applied to them. 

2. This moving power, as we have already described, is derived from the phyucal 
phenomena which are exhibited when water is converted into steam ; but even the 
water in this case cannot properly be regarded as any more than an instrument by 
which the mechanical agency of the heat is developed. Heat, then, is the prolific 
parent of the vast powers of the steam engine, and it is of the utmost practical 
importance to comprehend fully how this heat can be produced and applied with the 
greatest eoonomy and efficiency. 

3. This will lead us to the consideration of those properties of combustibles on 
"WJ^ch the production of heat depends, and the construction of the furnaces and 
boilers by means of which its application and transmission are effected. 

4. The combustibles universally used in the furnaces of steam engines are either 
^t-ooaly coke, or wood. The former are used almost invariably in Europe ; the latter 



STEAM ENGINE. 449 

is toed in Ameriea» ezoepf in particnlar districtB where coal is adyantageously 
attainable. 

5. The constitnents of coal are chiefly carbon and a gaa called hydrogen, combined 
occasionally with a small proportion of snlphnr and inoomboetible matter. 

6. In the process of combnstioD, the carbon, the hydrogen, and the snlphnr com- 
bine with the oxygen gas, which is a constitnent of the atmosphere, and other prodncts 
an formed. In this combination a quantity of heat is dcTeloped. The incombustible 
constitnents drop from the grate, and are left in the ash-pit. The goodness of coal 
dependa in some degree on the small proportion of incombustible matter which it 
contains. 

7* The proportion of carbon contained in coal varies ; in good coal it is seldom less 
than 75 per cent, of the whole, sometimes considerably more. 

8. Hydrogen cannot be said to enter as a constituent of coal in its pure and simple 
form : it is always combined with a portion of carbon, and is the gas called carburetted 
kjfdrogeny being that which is commonly used for the purposes of illumination. This 
gas may be expelled from coal by exposing the latter to heat, by which means the gas 
expanding, escapes from the coal, and may, if required, be collected in proper 
reserroirs. This process, applied to the coal, is called coking ; and it Lb in this 
manner that the gas is collected in gas-works for the purposes of illumination* 

9. The proportion of carburetted hydrogen, the element which produces flame, 
varies in diflerant sorts of coal. The more bituminous sorts, such as the coking coals 
of Northumberland and Durham, generally hare a considerable proportion ; the heavy 
eoal called stone-coal, obtained in some of the coal-fields of Wales, Pennsylyania, and 
elsewhere, has very little. 

Garboin bnms without flame, the product of its perfect combustion being the gas 
called earbonie add, which escapes from the fuel in a very heated state. 

10. These are the general effects of combustion ; but for the practical purposes of 
art something more must be learned. We must ascertain with some degree of 
precLnon the quantitative proportions in which the rarious elements concerned in the 
phenomena are present. 

11. To begin, then, with the chief ingredient of all combustibles, — carbon, — 
This substance, when heated to a temperature of 700*^ or 800^ equal to that of 

red-hot iron, will enter into chemical combination with the gas called oxygen ; the 
result of this combination will be another gas called carbonic acid. In forming this 
eomlnnation a large quantity of heat, preyiously latent in the carbon and the oxygen, 
is rendered sensible, and is developed in two ways : Ist, in rendering the remainder 
of the carbon incandescent, or white-hot ; and, 2ndly, in raising the temperature of 
the carbonic acid which has been produced to a very high point. 

12. From the luminous or incandescent carbon the heat escapes by radiation, 
according to the same principles and laws that govern the radiation of light. That 
portion of it which is carried off* by the carbonic acid may be taken from such gas by 
placing in contact with it any surfieice which is a good conductor of heat, such as metal ; 
tbe heat of the gas will be imparted to the metal until the temperature of the metal 
and the gas be equalised. 

13. But it is necessary to know the quantity of oxygen gas which is requisite to 
combine with the carbon. 

It is found that a pound of pure carbon will enter into combination with 31 cubic 
feet of oxygen at the ordinary temperature and pressure of the air, the result of the 
oomhination being 31 cubic feet of carbonic acid, this being supposed to be reduced 
to the same temperature and pressure. But as the temperature of the carbonic acid. 
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at the moment of combinatbn, is very much eleyated, it will then hare an enlarged 
volume. 

14. Common combustion, howeyer, is maintained not by an atmosphere of pore 
oxygen, but by that of the common air. 

15. Common air is a mixture of oxygen and azote, in the proportion, by measure, of 
1 to 4, — 5 cubic feet of common atmospheric air containing but 1 cubic foot of 
oxygen. To obtain 31 cubic feet of oxygen, therefore, we must necessarily have 5 
times 31 or 155 cubic foet of common air. 

16. Supposing, then (which is, however, in practice, not the case), all the oxygen 
contained in the atmospheric air supplied to the fuel in combustion to enter into com- 
binaUon with such fuel, it would be necessary to supply 155 cubic £9et of atmospheric 
air for every pound of carbon consumed. 

17. The result of this combination would be the production of 31 cubic feet of 
carbonic acid, formed by the combination of the oxygen of the atmosphere with the 
carbon, and 124 cubic feet of azote, which would be mixed with the carbouc add so 
produced. This volume of mixed gases would escape from the fuel at a very high 
temperature, and would in this state pass into the chimney. 

18. Hydrogen gas combines with 8 times its own weight of oxygen, and the reralt 
of the combination is water, or, more properly speaking, steam ; for it is rendered 
into the vaporous form by the great heat developed in the combustion. 

19. We have stated that a small proportion of sulphur is present in most sorts of 
coal. In burning, this produces sulphurous gas. It is inefficient as to its heating 
power, and insignificant in its quantity, but most injurious in its effects on boilers. 
Coal, therefore, having much of this element should be avoided in steam boilers. 

20. To maintain the fuel in combustion, it is then evident that it must be continu- 
ally supplied with atmospheric air. The rate of this supply will depend on the »• 
pidity of the combustion which is required, and the quantity and quality of the fueL 
The fuel is spread on a grate, between the bars of which the air which sustains the 
combustion is admitted. In passing through the fuel, the air enters into oomlmiation 
with it, and the gases resulting from the combustion, including uncombined oxygen 
and the azote of the atmospheric air, which last plays no part whatever in the com- 
bustion, issue together into the upper part of the furnace, all having a very high tern- 
perature : these proceed to the chimney, which they soon fill with a column of heated 
air, the buoyancy of which makes it ascend into the atmosphere, and the vacuum it 
leaves behind it draws a fresh portion of air through the grate bars, and so the com- 
bustion is continued. 

21. The azote, which forms so large a constituent of atmospheric air, has qualities in 
relation to combustion merely of a negative kind ; it does not either check or stimulate 
it. Thus, as a supporter of combustion, the atmosphere'may be considered as dilated 
oxygen, the azote having the same effect on the particles of the oxygen as water would 
have upon a strong spirit mixed with it. 

22. In ^hat has been just explained, the calculations are based upon the suppoin* 
tion that every particle of oxygen contained in the atmospheric air, urged through 
the burDing fuel, enters into combination with it. Now this is not and cannot be the 
case, even in the most approximative sense ; and therefore, to complete the combustion 
of the fuel, a much greater quantity than 155 cubic feet of atmospheric air for a pound 
of carbon consumed must be drawn through the fire. The exact quantity which is 
necessary is not capable of calculation, for it depends on circumstances which vary 
with the form and structure of the grate and the mode of working the furnace. 

23. It will be understood that when the fuel is laid in a stratum more or less thiek 
upon the grate, and when rapid currents of air are ascending through its interstices, 
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A qm&tity of the fael, always ezistbg in the state of powder or small dost, will be 
earned upwards by the onrrent, unbumed. 

24. Besides this, as the heat expels the hydrogen gas from the interior of the coal, 
minitte particles of the coal itself escape with the current, and rise above the foel. 
Ifueh of this is also nnbnmed, or, to speak sdentificaliy, nncombtned with oxygen. 
It is this minute powder or dust, unoombined with oxygen, that forms what is called 
smoka. The gaseous products of combustion, properly so called, have not the cloudy 
and opaque appearance which characterises smoke. This smoke, then, is unconsumed 
fuel, and to whatever extent it is produced, it escapes into the chimney, and is a 
source of waste. It is clear, then, on the grounds of economy, independently of 
sanitary considerations relating to the neighbourhood of the engine, that the quantity 
of fad, more or less, thus escaping, should be arrested and burned before it reaches 
the chimney. 

25. Various methods have been adopted in furnaces for accomplishing this object. 
Such arrangements are denominated smoke-consuming famaces ; but very simple and 
obrious arrangements may be adopted in the mode of feeding common furnaces, which 
will have the effect of consuming the smoke. 

26. If the heated gases proceeding from the fuel passed directly to the chimney, 
they would oaixy with them a much greater quantity of heat than would be necessary 
to maintain the draft, and thus a portion of the heat developed by the fuel would be 
lost. To pievent this, the heated air and flame which escape firom the fuel, instead 
of paaiiDg directly to the chimney, are conducted through passages of greater or less 
length in contact with the boiler, and made to impart a portion of their heat to the 
watw befoire they enter the chimney. These passages are called Jluet, and are very 
varioualy eonstructed, according to the form, magnitude, and application of the 
boikr. 

27. In some boilers the flues are made to wind round them, the external part of 
the flnea being made of brickwork, which, being a bad conductor of heat, takes but 
little from the heated air and flame. 

28. The shape and proportions of boilers are so adapted as to accommodate them 
to such systems of flues. The great object is to adopt such arrangements as shall 
secure the transmission to the water of all the heat developed in the combustion of 
the iuely except such portion of it as may be necessary to maintain a sufficient draft 
in the ohimney. 

29. The boilers most commonly used are cylindrical. Cylindrical boilers are 
generally long in proportion to their diameter, and their ends are often spherical. 
This shape is highly conducive to strength, but in some cases their ends are 
msde flat. 

30. In cylindrical boilers the furnace is generally placed within the boiler, in a 
large tnbe which extends firom end to end of it. In one end of this tube is placed 
the grate, and the remainder of it forms a flue. By this arrangement, all the heat 
whidi radiates from the fire, and even from the ash-pit, acting upon this internal 
tube^ is oommunicated to the water. The heated air, traversing the tube to the 
remote end, imparts its heat to the water by this means. Flues circulate round the 
outside in the same manner as in the waggon boiler. 

31. Internal flues have the advantage of imparting more of the heat to the water. 

32. In some forms of boilers, the grate being constructed at one end, the flame and 
heated air, instead of passing through a single internal flue traversing the length of 
the boiler, are distributed among three or more similar tubular flues. 

38. This subdivision of flues by the multiplication of the number of tubes, and the 
diminution of their magnitade, is carried to an extreme in locomotive boilers, in 
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which from 100 to 200 tabes, not more than 2 inches diameter, traverse the length 

of the boiler, and divide the flame and heated air into a multiplicity of small threads, 

80 as to enable the water to deprive them of their heat. 

34. With these a system of retoming flues becomes unnecessary, the reduction of 

the temperature being completely effected in traversing the boiler once. 

85. In some arrangements the flame and heated air x>a88ing ^m the furnace enter 
number of narrow upright cells, placed parallel to each other, and traversing the 

length of the boiler : arriving at the remote end, another tier of cells, at a superior 

elevation, is provided, by which they return. This is most commonly the expedient 

adopted in marine boilers. 

36. The multiplicity and complexity of flues, whatever be their form, have the 
double disadvantage of increasing the cost of the boiler and diminishing its strength. 
They are therefore only resorted to in cases in which circumstances exclude a great 
magnitude and weight of boiler, such as in locomotive and marine engines. In the 
boilers used in land en^^es, the requisite evaporating power can be obtained with 
more simple expedients, by merely augmenting the bulk of the boiler. 

37. The two great objects which are to be attained are — rapidity of evaporation 
and economy of fuel. 

38. The evaporating power of the boiler will depend (other things being the same) 
upon the extent of surface which it exposes to the action of the fire, the flame, and 
the heated air. This surface is technically divided into jirt surf act and fitie turface. 

89. By fire surface is meant all that surface of the boiler upon which the radiant 
heat of the furnace acts. 

40. The flue surface, as the words import, is that portion of the snrface of the 
boiler in contact with which the flame and heated air proceeding from the fire pass 
before they issue into the chimney. This surface is usually of considerable length, in 
order that the flame and heated air may be detained in contact with the boiler until 
they have been reduced to a temperature not greater than is necessary for the 
draft. 

41. Whatever be the length and arrangement of the flues, it is indispensably 
necessary they should always be below the level of the water in the boiler, for 
otherwise the heat would be imparted to the metal of the boiler without being trans- 
mitted to the water. Steam is a sluggish recipient of heat, and metal in contact with 
it might become red-hot while the steam itself will remain at a comparatively low 
temperature. 

This would accordingly be the case if the fire or flame acted upon any part of the 
metal of the boiler which has not water within it. 

42. In the economy of steam power, an object of capital importance is to protect 
the machinery from every cause by which heat can be consumed in any other way 
than in converting water into steam. A great variety of expedients have accordingly 
been adopted for this purpose, differing from each other in their effects, according to 
the circumstances in which the machinery is worked. 

43. A boiler being a mass of metal of extensive magnitude, raised to a very 
elevated temperature, and which is naturally a good radiator of heat, a con* 
siderable quantity of heat would be lost by the mere radiation from its surfiice. The 
obvious remedy for this is to surround it by some material which is a bad conductor 
of heat. 

44. One of the most effectual substances for this purpose is common sawdust : 
this is accordingly applied with great effect in cases which do not exclude its use. 

45. The boiler and its appendages are surrounded by a thick casing, stuffed with 
sawdust, and so completely does this expedient answer the purpose, that the boiler- 
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room of a CorniBh engine^ where this arrangement is applied, is often the coolest place 
that can be found. 

46. In marine and other engines, a coatbg of patent felt is often used with adyan- 
tige : hemp and other fibrons and woollen substances may be resorted to. 

47. LooGmotive boilers are cased in wood, which is a tolerable non-conductor. The 
ejlinden of large stationary engines are also frequently cased in wood. The steam 
pipeB and other parts of the machinery containing steam are wrapped with tow or 
other nmilar substances. 

48. By these means the loss of heat by radiation may be reduced almost to 
nothing. 

49. Where fuel is used which bums with little or no flame, such as stone-coal or 
coke, the diief effect is produced by the radiant heat, and a comparatively small effect 
Ij the heated air. In such cases the fire surface should bear a large proportion to 
the flue surfitce. In all cases the fire surfisMe^ being more active in proportion to its 
extent than the flue sur&ce, is more liable to wear by intense heating. It may be 
aid, that as the surface of the metal cannot rise to a higher temperature than that of 
the water within, and as the entire mass of the water within must be maintained at 
an uniform temperature, the fire surface cannot rise aboye the general temperature of 
the maaa. Tins would be true if the boilers and furnaces were worked by a moderate 
system of oombastion, the fuel being consumed very gradually, and the heat deyeloped 
bIowIj, so that a fierce action should not take place on any part of the boiler. Such 
is the ease, for example, in the boilers and furnaces of the Cornish engines, where 
ipaoe is a matter of litUe importance, and the economy of fuel pushed to its extreme 
limit ; but in other cases these advantages must be sacrificed, and a combustion so 
intense maintained in the furnaces that the fire surface becomes heated to a higher 
temperaioie than the water in contact with it, and to a much higher temperature than 
the flue surfiice. The formation of steam in contact with the fire surface is so rapid 
that its bubbles c^ not escape to the surface quick enough to keep the metal in 
continual contact with water. 

50. The metal, therefore, is momentarily out of contact with water, and has a 
te&denpy to become overheated. 

51. It is true that upon the escape of the steam bubbles just formed the liquid will 
afain wash the metal and lower its temperature, but still this effect is such (in the 
ease, for example, of locomotive engines and sometimes of marine engines), that the 
fire soxfaee is exposed to much more rapid wear by temperature than the flue 
surfitce. 

SECTION XVI. — HOW THE DBAFT THROUGH THE FURNACE OF A STEAM ENGINE 

IS MAINTAINED. 

1. The most common method of effecting this is by the ordinary expedient of a 
chimney. 

2. When the products of combustion are allowed to flow through a chimney of 
sufficient height, the vertical column of heated air thus formed has a certain buoyancy 
or teadmej to ascend into the atmosphere, proportional to the difference between its 
▼eight and the weight of an equal column of common air. This difference vrill be so 
much the greater as the column has greater magnitude and height, prorided only 
that every part of it shall be, bulk for bulk, lighter than air. Hence obviously 
follows the necessity of a chimney in creating a draft, whether through the furnace of 
a steam engine or in any ordinary manner. 

3. In stationary engines, as used in the arts and manufactures, chimneys of any 
desired magnitude can generally be attached to the engine. It is not necessary that 
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the cbimney should be immediately oyer or contignons to the fumaee ; it may be 
placed at a oonaiderable distance from it^ provided only it be connected with it by the 
proper air passages. This is often a matter of oonrenience in factories^ and we 
accordingly see the chimney frequently erected at a considerable distance from the 
boilers and fomaces. 

4. Bat in nnmerons applications of the steam engine it is not practicable to use 
chimneys of each elevation, or so placed, and in some cases the tube provided for the 
escape of the products of combustion must necessarily be so short as to afford no draft 
of appropriate amount. 

5. Such is the case, for example, in locomotive engines : in marine engines this is 
to some extent also true, — the chimney must be comparatively short. 

6. When sufficient length of chimney is not admissible, we are compelled either to 
throw in the gases of combustion at a very high temperature, so as to make up for 
want of height in the column, or to adopt some other expedient for creating a draft. 

7. A wheel is sometimes placed in the flues where they enter the chimney, by the 
revolution of which the gases are driven up the chimney with a force proportional to 
the velocity with which the wheel revolves. This exjiedient is similar to a sort of 
bellows commonly used for domestic purposes, and is called a fanner^ and sometimes 
a biovfer, A portion of the power of the engine is borrowed to keep this wheel in 
motion. In this way an upward current is maintained in the chimney of any required 
power, and the necessary draft sustained through the famace. 

8. Another expedient Is used in locomotive engines, and may always be resorted to 
where steam of high pressure is used. This consists of a jet, or, as it is technically 
called, a blast-pipe, which is placed at the base of the chimney, and presented upwards. 
A portion of the steam received from the engine is allowed to escape by puffi^ or even 
in a continued stream, through this pipe, and being directed up the chimney, creates 
the necessary draft. 

SECTION XVII. — HOW THE MECHANICAL VIRTUE *0F FUEL IS ESTIMATED AHD 

EXPRESSED. 

1. In explaining the mechanical effects of steam, it has been already shown that 
whatever be the purpose to which the force of a steam engine is applied, its effeet 
may always be represented by a certain weight raised a certain height. 

2. Whether an engine be employed to drive a mill-wheel, to propel a ship, or to 
draw a carriage, the tension or resistance to be encountered at the working point may 
be universally represented by an equivalent weight 

8. Thus it is easily understood, if a locomotive engine draws a train of carriages, that 
the tension of the chain which connects the engine with the train will be the same as 
if the same chain, in a vertical position, had a certain weight suspended to it ; and 
the same will be true, whatever be the nature of the resistance to the moving power, 
or the manner in which this moving power may be applied. 

4. It has been usual also to express the mechanical efficacy by the number of 
pounds raised one foot ; for whatever be the resistance, and whatever be the space 
through which the moving power acts upon it, the effect can always be reduced, as 
has been already explained, to an equivalent number of pounds raised one foot. 

5. The mechanical virtue of coals, thus explained and applied to a steam engine, 
has been technically called the duty of the fuel. Thus a bushel of coals consumed in 
the furnace of an engine will enable such engine to exert at the working point a 
mechanical effect equivalent to a certain number of pounds raised one foot high : this 
effeet is the duty of the fuel, or, as is sometimes said, the duty of the engine. 

6. The duty of the engine is therefore not the entire mechanical effect developed by 
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tke fuel in producing eyaporation, for a portion of the mechanical power of the steam 
erolTed in the boiler, and in some cases a yeiry large portion of it, is expended in 
moring the machinery of the engine itself : all such portion is intercepted therefore 
lietween the fnmaoe and the working point. The dnty, properly speaking, lb the net 
mechanical force developed by the steam, or such portion only as is available for 
the work to which the engine is applied. 

7. The duty of engines varies within very wide limits, according to the purpose to 
which they are applied. In this respect engines may be reduced to three classes : — 
Isl, Sneh aa are used in the mining districts of Cornwall ; 2ndly, The stationary 
enpnea used in the manufactories generally, in which class may also be included 
marine engines ; Srdly, Locomotive engines on railways. 

8. In the Cornish engines, where very accurate observations are made on the 
mfchaniflal effect produced, and on the economy of fuel, it has been found, in some 
easea^ that by the combustion of a bushel of coals an effect has been produced by the 
agine equivalent to 125 millions of pounds, or, what is the same, 62,000 tons raised 
a foci higK This, however, is not to be understood as an average result. In pro- 
(ladng it, the utmost care was taken to guard against every source of waste of power. 

9. The more common duty obtained from a well-managed engine used in the mining 
distriots has bedi from 80 to 90 millions of pounds, or at the rate of one million of 
pounds TMsed one foot for every pound of coal consumed, — a result remarkable 
enough in itself and easily remembered. 

10. In the ordinary stationary engines belonging to the second class, where the 
ttme aenipiilons attention to economy cannot be or is not paid, the duty, according 
to the commonly received estimate, is, in round numbers, about 20 millions of pounds 
ftr a bushel of coal, being four times less than that of the good Cornish engines, and 
•tx times less than ihe duty which has in certain cases been obtained. 

11. In the locomotive engines worked on railways the economy of fuel is little if at 
ill less than that of factory engines. 

12. The great economy obtained in the engines used in Cornwall is the result of a 
Tariety of contrivances, some of which, such as the protection of the machinery from 
ndiation, have been already mentioned. The boilers are constructed of extraordinary 
magnttade, in proportion to the power expected from them ; the furnace is of propor- 
ticDate size ; the combustion is slow ; the heating surface is very extensive, and the 
intensity of heat upon it very slight ; the flues are of great length, and the heated air 
is not permitted to escape until the last available portion of heat has been extracted 
from it ; the friel is managed in the furnaces with the most extreme care, the com- 
bsstion b«ng perfect. Added to all this, the steam is used at a pressure of from 
35 to 50 pounds per square inch above the pressure of the atmosphere, and the 
expansive principle extensively applied. 

IS. In giving these last estimates of the duty of fuel in the engines used in the 
manufisctures geneially, it is right to observe, that owing partly to the difficulty of 
ascertaining the actual mechanical effect produced, and partly to the negligence of 
proprietors of engines, the estimates of duty are of the most loose and inaccurate 
description. When an engine is applied, as is generally the case in Cornwall, directly 
to the elevation of water or other heavy matter, it is easy to observe the mechanical 
ei&Bct it produces ; but when an engine is applied to give motion to the works of a 
SMtory, to drive spinning-frames, power-looms, or printing-presses, it is not so easy a 
matter to reduce the effect it produces to an equivalent weight raised a given height. 
In the ease of locomoUve engines the same difficulty ought not to exist ; yet it is sur- 
prising that for a considerable period grave errors prevailed respecting the real 
laeehanical eflEeot produced by these machines. It was, for example, long assumed as 
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a maxim, that the resistance offered by a given train of carriages to a looomotiTe 
engine was independent of the speed, or, in other words, the same at all speeds. 
This error was not brought to light until the year 1838, when it was demonstrated, 
by a series of experiments conducted by me, that the resistance was augmented in a 
very high ratio with the speed. 

SECTION XVIII.— now THE POWER OP AN ENGINE IS ESTIMATED AND EXPRESSED, 

AS DISTINGUISHED FROM ITS DUTY. 

1. The duty, as we have seen, is the pi-actical effect produced by a given weight of 
coal, without reference to time. Thus, whether a bushel of coal raises 20 millions of 
pounds a foot in one hour or in ten hours, the duty of the engine is exactly the same. 
But the power of the engine is quite different. 

2. The power of the engine is estimated by the mechanical effect it is capable of 
producing in a given time. 

When steam engines were first brought into use, the work to which they were 
applied had been previously done by horses who worked the mills. It was convenient) 
therefore, and indeed indispensable, to express the mechanical capabilities of these 
machines by declaring the number of horses which one of them would supersede ; and 
hence the term, now so general, horse-power, came into use. At first this expreaooa 
had but a vague signification, and was understood by the manufacturers and capitalisto 
who intended to employ the steam engine in the literal sense of the actual number of 
horses whose expense would be saved to them by it. But after the engine bad com- 
pletely superseded horses in the arts and manufactures, and it became necessary to 
express its effects with greater precision, instead of abandoning the term horse-power, 
an arbitrary signification was given to it by Watt, which it has since retained. The 
word horse-power, then, as applied to the steam engine, means the capability of the 
engine to produce a mechanical effect per minute equivalent to 33,000 pounds raised 
one foot. 

3. Thus an engine of 10 horse-power means one which in working is capable of 
producing a mechanical effect per minute of 330,000 pounds raised one foot, or an 
effect per hour equivalent to 20 millions of pounds, very nearly, raised one foot. 

4. When a steam engine is declared to be of such or such a horse-power, the 
expression must be understood in a qualified sense. Thus it is assumed that the 
furnace is worked in a certain average manner, and that a proportional evaporation 
takes place in the boiler. An engine whose nominal power is that of 100 horses may, 
by urging the furnace in an extraordinary manner, be made to produce an effect much 
greater than that of its nominal power ; or, on the other hand, by keeping the furnace 
low, it may be, and frequently is, worked considerably under its nominal power. In 
the same engine, consequently, the power may vary through a wide range according 
to the pressure at which the steam is worked, and to the rapidity at w^hich it is 
generated. 

SECTION XIX. — TnE DIMENSIONS OF TUE BOILEU AND FXTRNACE NEOSSSSABT FOU 

AN ENGINE OP GIVEN POWER. 

1. The technical roles adopted by engineers for the proportion of en^es corre- 
sponding to any required power, are generally understood as applicable only to the 
second class of engines enumerated already, namely, those generally used in the manu- 
£»ctorie8 and in steam navigation. 

2. The Cornish engines on the one hand, and locomotive engines on the other, are 
exeepUonal extremes, each being worked in a manner peculiar to itself. In the one, 
much larger dimensions are allowed for the production of a given power, the action 
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of the famaoes being of low intensity ; while in the other, the dimensions prodncing 
a given power are much snuiller, and the consequent action of the furnaces much 
more intense. 

What we shall therefore state here will be understood to haTe reference to the 
second class of engines above mentioned. 

8. In calculating the mechanical force developed in the evaporation of water, we 
have seen that one cubic inch of water, converted into steam, produces a mechanical 
foroe sufficient to raise a ton weight a foot high. It would therefore follow that to 
raise 2 millions of pounds a foot high, would require the evaporation of 1000 cubic 
inches of water. But this calculation refers to the entire mechanical force developed 
in the evi^Mration. A portion of this force is, however, expended in moving the 
engine itself and is wasted in various ways before it reaches the working point ; and 
it is customary for engine- makers to allow fur this from 35 to 45 per cent, of the entire 
mechanical force developed in the evaporation. Now since there are 1723 cubic inches 
m a cubic foot, it follows that, by such an allowance for waste of power, the net effect 
of a cubic foot of water evaporated per hour would be one nominal horse-power. 

4. Such is the general usage of boiler-makers, but it would be most erroneous to 
aasume that this usage is based upon even a loose calculation ; there can be no doubt 
that the power expended in waste and uncondensed steam, and in moving the engine 
in any tolerably managed machine, must be considerably less than this. The error, 
however, lies on the safe side ; it is better to have superflaous boiler-power than a 
■tint of steam. A boiler having more evaporating power than is needed, can always 
be worked as much under its power as may be desired ; but when an engineer is 
obliged to push a boiler above its legitimate power, both waste and danger ensue. It 
mast not therefore be assumed, as has been done by some writers, that engine-makers 
adopt these rules from ignorance. Although they do not in general seek for an accu- 
rate knowledge of the amount of power expended in moving the engine and in waste 
steam, they are nevertheless fully aware that the allowance they make is greater than 
its amount ; and in the absence of such exact knowledge, it is clear they are right in 
adopting an excessive estimate. 

5. From what has been stated, therefore, it follows that for every horse-power 
which the engine is expected to exert, a power of evaporating a cubic foot of water 
per hour ia provided in the boiler. 

6. When the term horse-power is applied, therefore, to boilers, in reference to their 
capability of evaporation, it is to be understood as indicating the evaporation at the 
rate of a cubic foot of water per hour : thus, by a boiler of 50 horse-power is to be 
underBtood a boiler capable of evaporating 50 cubic feet of water per hour, the fiir- 
naees being worked in the ordinary way. 

7. The magnitude of the grate and the extent of heating surface necessary to pro- 
duce a giTen rate of evaporation vary more or less in different engines, and according 
to the practice of different engineers ; but still, in common engines used in the arts 
and mannfiMstures, there are average standards which it is useful to know. 

8. Thus it is generally agreed that the dimensions of the grate necessary for 
a boiler of a certain power should be regukted by allowing a square foot of grate snr- 
&oe for every horse power in the boiler. Thos it follows, that as much fuel is oon- 
samed per hour upon a «quare foot of the surface of the grate as is necessary and 
sufficient to evaporate a cubic foot of water. 

9. The dimensions of the surface of the boiler exposed to the action of heat;, 
whether by radiation or by the contact of heated air in the flues, is generally esti- 
mated at the rate of 15 square feet for a horse-power. Thus a boiler of 50 horse* 

power would require a heating surface of 750 square feet 
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10. These are not only average standards from whicli individual boilers and fiir- 
naces of the class we more particularly refer to vary more or less considerably, but 
they are altogether inapplicable to the two extreme classes of boilers, — the Cornish 
on the one hand, and the locomotite on the other. 

11. In the Cornish boilers a slow combustion is maintained on the grates, and 
although the fuel is placed upon them in a thicker layer, the intensity of the heat firom 
a given surface is considerably less than in the ordinary boilers. Accordingly, for a 
given rate of evaporation, at least doable the extent of grate surface is allowed. We 
find, therefore, that two square feet are given for every cubic foot of water per hoor 
to be evaporated. 

12. In like manner, as in these boilers the heat acts with less intensity on a given 
surface of the boiler, a proportionally greater heating sur&oe is necessary to produce 
a given i-ate of evaporation. In these cases a still greater departure from the oommoB 
boiler is necessary ; and instead of 15 square feet being allowed for a cubic foot of 
water per hour evaporated, we find 4 and 6 times this surface given. 

13. The flame and heated air are also made to traverse a much greater length of 
flues before they enter the chimney. 

14. The locomotive boiler is in the other extreme. Instead of one square fboi 
of grate surface evaporating one cubic foot of water per hour, it usually evaporates 10 
cubic feet. As the heat developed in a given time may be taken as nearly propor- 
tional to the water evaporated, it follows that the calorific action of a square foot of 
the grate of the locomotive is 10 times that of a square foot of the grate of a oonunoa 
stationary engine, and 20 times that of a Cornish engine. 

15. The intensity of the combustion maintained in the furnaces of looomotiT6 
engines may be thus in some measure conceived. 

The splendour of the burning fuel in these furnaces is sometimes so intense that it 
impresses the eye with the same pain as is sustained in looking at the sun. 

16. The Cornish boilers, which differ so extremely in their mode of operation and 
effects from the locomotives, resemble them nevertheless very closely in their form. 
Both are cylindrical, and the flues in both consist of metal tubes, traversing the 
length of the boiler. In the Cornish boilers the tubes are of iron, and of consider- 
able diameter. In the locomotive boilers they are usually of brass, and vei7 small in 
diameter. 

17. The diameter of the Cornish boilers is usually about ^th of th^ length. 
Where great power is required, it is found more ccmvenient to use two or mors 
boilers than one of larger dimensions. A common proportion for these boilers is from 
86 to 40 feet of length, and from 6 to 7 feet in diameter. The locomotive boilers are 
usually from 8 to 10 feet long, and from 3^ to 4^ feet in diameter. 

18. The common published reports of the consumption of fuel are usually given by 
expressing the weight of coal consumed per hour per horse-power ; but unless it be 
ascertained that the real working power of the engine and the consumption of fatA. are 
equal to and do not exceed its nominal power, such reports lead to en:»neous oonola- 
sions. The common allowance of fuel for stationary engines and marine «^pgii>flff, 
when working to their full power, is 10 lbs. per horse-power per hour. The coDSump- 
tion, however, is undoubtedly less than this when the engines are properly OMistmoted 
and carefully worked : 7 and 8 lbs. per horse-power is a *rerj common oonsuaiptioB 
for well-managed engines. In the Cornish and other engines worked expansively, the 
OonmuBption has been reduced as low as 3 to 4 lbs. per horse-power per hour. 
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SECTION XX,— WHAT DIMENSIONS OP THE CTIJNDEB AND OTHER UACHINEBT 
ABE REQUISITE FOB A GIVEN POWEB OF ENGINE. 

1. Nothing can be more vagne, nocertain, and arbitrary, than the older rales 
adopted by engineers in reference to this problem. It may be truly stated that OTery 
engine-maker has his own standards, to which he attaches invariably as much infal- 
libility as if this mechanical problem were capable of as certain and demonstratiTe 
iolation as a problem in common geometry. 

2. It will be obTious, on the slightest consideration, that the magnitude of the 
cylinder and piston necessary to produce a given working power must depend on the 
presBore of the steam after it enters the cylinder and the velocity with which the 
piston is driven, the degree of perfection of the vacuum on the other side of the 
piston, and the extent to which the expansive principle is introduced. In general, 
however, it has been the practice to apply the calculation to low-pressure engines, 
that is to say, to those in which the steam, after it enters the cylinder, has not a 
preesnre exceeding the atmosphere by more than 7 lbs. per square inch, and in which 
the piston is supposed to move at the average rate of 200 feet per minute. These 
conditions being assumed, and a good vacuum being sustained in the condenser, 22 
square indies of the piston are allowed for every nominal horse-power of the engine. 

5. Where these rules are observed, the nominal power of an engine mkj always be 
obtained by dividing the number of square inches in the surface of the piston by 22 ; 
or, which is the same, by dividing the square of the diameter of the piston, expressed 
b inches, by 28. 

4. Again, if it be required to find the magnitude of the piston necessary for an 
engine of a given power, it is only necessary to multiply the number expressing the 
power by 28, and the square root of the product will be the diameter of the piston. 

6. It must be carefully observed, however, that such rules are only applicable so 
long as the piston moves with the above velocity, and is urged by low-pressure steam 
at the above rate. 

6. Indeed, it may be observed generally that the mode of expressing the mechanical 
capabilities of engines by horse-power frequently leads to most erroneous conclusions, 
and it has lately been accordingly much discontinued among engineers and scientific 
men. In locomotive engines it is not applied at all ; nor, indeed, in the Comish engines. 

7. The proportion of the diameter to the stroke of the cylinder, as its length is 
called, varies very much according to the purposes to which the engine is applied. 
In marine engines, for example, where the cylinder has a vertical position and the 
engine is stinted in height, the stroke very little exceeds the diameter. In stationary 
land engines the proportion of the diameter to the stroke is frequently that of 1 to 2. 

8. The dimensions of the air-pump, condenser, and other parts of the engine, bear 
a certain proportion to those of the cylinder, which are but little departed from by 
engine-makers. 

9. Thus, the air-pump has usually half the stroke and half the area of the piston, 
snd oonsequently its capacity is a quarter of that of the cylinder ; nevertheless, some 
en^^neers maintain that a larger proportion of air-pump augments the eflSciency of the 
madiine. 

8KCTI0N XXI. — HOW THE INTERNAL CONDITION OF THE BOILXB AND ENGINE IB 

BENDEBED EXTEBNALLY MANIFEST. 

1. To enable the engine-man to maintaia the boiler and machinery in a state of 
efficient operation, it is necessary that he should be at all times informed of their 
internal condition. A class of contrivances for indicating this has therefore exercised 
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the invention of those to whom we are Indebted for the improyemcnt of this depart- 
ment of mechanical art. 

2. One of the most obvious circumstances attending the internal condition of the 
boiler, which it is necessary that the engine*man should at all times know, is the 
quantity of water in it. If the level of the water get below the flues, the boiler incurs 
the danger of becoming red-hot, and bursting ; if the level of the water be too high, 
the steam room in the boiler becomes insufficient, and the spray of the boiling water, 
mingled with the steam, jyasses through the steam-pipes into the cylinder, producing 
a waste of heat, and other inconveniences : this efifect is called primin^^ The level 
of the water in the boiler should therefore always be known. 

3. The earliest and most simple contrivance for indicating this is the gauge-cocks: 
these cocks are two common stop-cocks, screwed or cemented into the boiler, one 
above the point at which the level of the water ought to stand, and the other below 
it. When the water is at the proper level, steam should issue on opening the one, 
and water on opening the other. If water issue from the upper cock, the boiler is 
too full ; and if steam issue from the lower cock, the boiler is too empty. So long ss 
steam issues from the upper and water from the lower, the level of the water is at its 
right point. 

4. In boilers maintained in a very violent ebullition, where a highly intense fomaoe 
is used, the agitation dear the surface renders the indication of the gauge-cocks some- 
times uncertain, and another contrivance is either substituted for them, or used in 
connection with them. 

5. If it were possible to have a glass boiler, the level of the water would always be 
visible ; but instead of a boiler all glass, we may have a strong glass plate inserted 
into the side or end of the boiler at the level at which the water ought to stand, and 
through this plate the surface of the water might be seen ; but the great agitation of 
the water in ebullition would render this observation uncertain ; the object is there- 
fore accomplished by the gkss water gauge (see Section xxvii. title ' 6l(m Water 
6auge'*)y which is a strong glass tube placed in a vertical position outside the boiler, 
communicating at the top and bottom by metal tubes with the interior. The water 
in the boiler enters the lower end of this tube, and the steam enters the upper end ; 
and, by the common principles of hydrostatics, the pressure of the steam in the tube 
and in the boiler being the same, the water in the tube will stand at the same level 
as the water in the boiler. 

6. To guard against the effects of the accidental fracture of this tube, stop-oocks 
are usually placed between the ends of it and the boiler, by which the communication 
between it and the boiler is cut off at pleasure. When the engine-man desires to 
ascertain the level of the water in the boiler, he opens both the stop-cocks, but at 
other times it is more prudent to keep them closed. 

7. This expedient has the advantage over the gauge- cocks, inasmuch as it indicates 
the exact level of the water. 

8. Another contrivance used for this purpose consists in a fioaiy formed of a hollow 
casing of metal ; to this is attached a rod which passes through the top of the boiler. 

As the level of the water rises or falls in the boiler, this float rises or falls with it, 
and the rod is pushed upwards or drawn downwards, as the case may be. An index 
of any kind may be attached to this rod, which should play upon a divided scale 
indicating the position of the float and the level of the water. 

9. Another expedient is sometimes used, which consists of a tube let in through 
tbe top of the boiler, and descending to a point below which the water ought not to 
UXL : at the top of this tube is fixed a tteam whUUe, 

^ 10, So long as the level of the water is above the lower end of the tube, a column 
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of wster will be anstaioed ih the tabe by the pressure of the steam within the boiler ; 
but when the level Bubsidefl below the mouth of the tube, then steam, rushing through 
the tube, will issue from the whistle, and produce an alarm which will give notice of 
the want ef water in the boiler. 

11. This last contrivance can only be used -in low-pressure boilers, where the 
eolonm of water which will baUnoe the steam is not too high. 

12. It la most necessary at all times that the pressure of the steam within the 
boiler fehoold be known, and provision should be made to prevent its exceeding a 
eertain timitv This is accomplished by the common safety valve. 

This valve is an ordinary conical valve, placed in the top of the boiler, and fitting 
Into its teat so as to be steam-tight. It h loaded with a weight which determines 
the maximum pressure to which the steam is allowed to attain. Thus^ if it be 
intended, as in low-pressure boilers generally, that the steam should not exceed 6 lbs. 
per aqoare inch, then the safety valve is loaded with a weight, regulated in such pro" 
portion to the magnitude of its surface exposed to the steam, that whenever the 
pressure of the steam exceeds this limit, it forcev the valve open, and escapes, until 
the prenore is reduced to the proper limit. 

13. The safety valve, however, affords an indication that the pressure of the steam 
does not exceed a certain amount, rather than an indication of what that pressure 
aotually is. 

14. The tUam gauge exhibits the exact amount of this pressure. 

15. The steam gauge most generally used is that called the Bourdon Steam Gauge. 
It ooDsists of a metallic tube, closed at one end, and communicating at the other end, 
by mnam of % stop-oock^ with the boiler. The tube is coiled spirally. 

Any vmriation in the internal pressure oauses a corresponding change in the form of 
the spiral, and these changes are made visible to the eye by means of a needle^ 
aetnated by the tabe, and traversing a properly divided dial-plate. 

16. Owing to the obstruction which the steam encounters in passing through the 
steam pipes and valves, its pressure undergoes a greater or less diminution on its way 
to the cylinder. To ascertain the effective pressure, therefore, in the cylinder, a 
steam gauge is sometimes placed upon the steam pipe, as close as possible to the 
^linder. 

17. A custom has been ad<:tpted too generally of estimating the pressure of the 
steam in the cylinder by its pressure in the boiler, assuming that between the two 
there is bat a slight difference. Nothing can be more erroneous than this. Between 
the pressore of the steam in the boiler and in the cylinder .there may be almost any 
amoont of difference. If the throttle valve be nearly closed while the pressure of thd 
steam in the boiler is very high, the pressure of steam which works the piston may 
be very low ; and, on the other hand, if the throttle valve be nearly open, there may 
not be a considerable difference between the two. 

18. To calculate, therefore, in general, the effective power of the engine by taking, 
as is commonly done, the pressure of the steam in the boiler, and multiplying that by 
the area of the piston and its velocity, is a most fallacious method. Hhe indicator 
already described may be used to determine the average pressure of steam on the 
piston, and thus the effective action of the piston may be calculated ; or if the actual 
quantity of water transmitted in the state of steam to the cylinder be known, the 
mechanical effect of this can be calculated independently of any consideration of the 
pressure of the steam, or even of the magnitude of the piston. It will, however, be ' 
necessary even in this case to determine the resistance of the uncondensed steam. 

19. In locomotive engines the pressure of the steam is indicated by a spring steelyard, 
irhieh is made to act upon the safety valve. (See Section zxyu., title ** Spring 
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Safety FaZve.") This instrament ia in principle precisely the same as tbe oommon 
spring steelyards nsed in domestic economy. A scale is attached to it^ npon which an 
index plays, by which the pressure on the Talve is expressed in Ihs. per square indi. 
Tbe instrument is nsnally screwed down, so that the Talve will only be opened wheo 
the steelyard indicates a certain pressure. 

20. It is customary, more especially in high-pressure engines, to proTide two safety 
Talyes, one of which shall be removed from the interference of the engine-man. This 
precaution prevents the danger which would arise from the engine-man overloading 
tbe valve, or from tbe valve becoming fixed in its seat from accidental causes, whidi 
sometimes happens. 

21. When a boiler ceases to be worked, and the fire has been extinguished, the 
steam which filled its interior will be speedily condensed, and the interior would 
become a vacuum. In this case a prodigious amount of atmospheric pressure, aetang 
on tbe external surface of the boiler inwards, would have a tendency to crush it. 
This contingency is sometimes provided against by a safety valve which opens 
inwards. So long as the boiler is in operation, this valve is kept closed by the 
pressure of tbe steam ; when it ceases to be worked, it is opened by the pressure of 
the atmosphere. 

22. It is most necessary for the efficient operation of the engine that the state of 
the vacuum in the condenser should be at all times known. For this purpose an 
indicator is adopted, called the haixmieier gaugt, forming one of the most important 
appendages of the condensing steam engine. (See Section xxni., title ^* Barometer 
Gauged) 

This instrument, as its name imports, is a common barometer; but the top of 
the tube, in&tead of being closed, is made to communicate with the condenser. The 
atmospheric pressure, acting, as usual in barometers, on the mercury in the dstem, 
presses a column of merctiry up the tube. If the vacuum in the condenser were as 
perfect as that which is at the top of the barometric tube, then the column of mer- 
cury in this instrument would stand at exactly the same height as in the oommon 
barometer ; but as this is never the case, there is a difierence of height which is due 
to the pressure of uncondensed steam and air, which, notwithstanding the action of 
the air-pomp, will always remain in more or less quantity in the condenser. The 
difierence, therefore, between the height of the column of mercury in the barometer 
gauge communicating with the condenser, and in a true barometer placed near it, will 
give, in inches of mercury, the pressure which re-acts upon the piston against the 
steam. 

23. In well-managed engines the barometer gauge is seldom more than two inches 
below the true barometer, which would give a pound per square inch for the pressure 
re-acting on the piston. 

24. If the barometer gauge stand too low, it indicates the presence either ot uncon* 
densed vapour or of air in the condenser. This may arise either from too little or 
too much water being thrown in by the condensing jet. If too little be thrown in, 
the condensation will be imperfect, and uncondensed vapour will lower the gauge : if 
too much be thrown in, an accumulation of air will be produced faster than the pump 
can remove it, and the gauge will be similarly affected. Tbe adjustment of the jet is 
a matter, therefore, that should be carefally attended to. Tbe cock which governs 
the jet has a handle to which an index is attached, playing upon a divided scale ; and 
aooording to the position of that index, tbe cock is more or less opened or dosed. 
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BICnON XXn. — how the wants op the boiler A.KD EHGINB ARE SUPPLIED 

AND HOW their OPERATION IS REGULATED. 

1. If the work ezeooted by a steam engine were subject to no yariation whaterer, 
the rate at which the steam should be supplied to the cylinder and generated in the 
hdltr would be nniform also ; and as the production of such steam necessarily bears 
an uniform ratio to the deTelopment of heat in the furnace, this last woqid be also 
nnilbnn. The deTelopment of heat in the furnace being in direct ratio to the 
supply of air, or, what is the same, the draught in the chimney, it would follow that 
an engine perfectly uniform in its action would require an invariable adjustment of 
the flnei, an iuTariable rate of evaporation in the boiler, and an invariable magnitude 
of eommnnicBtion between the boiler and cylinder for the supply of steam. 

2. Bat in practice it is found that the work to be executed by machinery of this 
kind is snbjeet to more or less variation, requiring a greater or less intensity from 
tim« to time in the moving power. 

3. This neceasitates a corresponding variation in the action of the steam in the 
eylinder. This variation is produced by the throttle vcUve, placed in the pipe by 
which steam is conducted to the cylinder. (See^. art. 17.) This valve is a circular 
plate, eorreaponding nearly with the magnitude of the pipe in which it is placed. It 
is 80 oonstmcted as to turn on an axis which coincides with one of its diameters, and 
its movement is governed by a lever or handle on the outside of the steam pipe. 
When this circular plate is turned so as to present its edge to the current of steam, 
that enrrent is allowed to pass without obstruction to the cylinder ; but when it is 
tamed so that its face is presented to the steam, the current is altogether stopped. 
Between these two extreme positions it may have any intermediate inclination by 
▼hieh the flow of steam to the cylinder shall be regulated in any desired manner. 

4. Supposing this valve to be adjusted, from time to time, so as to proportion the 
quantity of steam admitted to the cylinder to the quantity of work to be done, the 
prodoetion of the steam in the boiler will have to be considered. If this production 
he uniCann, it mnst be adequate in quantity to the greatest amount of steam at any 
time required by the cylinder. 

5. When less than this is admitted to the cylinder by the action of the throttle 
valve, an accumulation would necessarily take place in the boiler, and the pressure on 
the safety valve becoming excessive, the surplus steam would blow off. This would 
occasion, of course, a corresjyonding waste of fuel. The remedy for this would be a 
eontrivanee by which the rate of evaporation in the boiler can be augmented or 
dinunished at pleasure, according to the wants of the cylinder. This will obviously 
he aooomplished by any contrivance which will stimulate or slacken the furnace at 
pleasnre. Now since the action of the furnace is regulated by the intensity of the 
draught, exactly as the action of the piston is regulated by the intensity of the steam 
sdmitted to it, the same kind of regulator may be applied to the one as has been 
applied to the other. A plate called a damper is therefore introduced at some conve- 
Tient point in the flue near the chimney. This pUte is generally made like a sliding 
■hatter. When it is let down, it stops the flue altogether, and the fire would be 
extinguished ; when it is drawn up to the limit of its play, the flue is altogether open, 
sad the draught is at its extreme power : between these limils the damper may have 
sn indeflnite variety of positions, leaving more or less of the flue open, so as to give 
the draught any required intensity. 

6. It is easy to imagine an attendant working these two instruments so as to regu- 
late the action of the machinery. When the resistance on the working point is 
lightened, the throttle valve is partially closed, so as to diminish the supply of steam, 
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and at the same time the damper is partially closed, so as to diminish the draught : on 
the other hand, when the load on the machinery is increased, the throUle Talve is 
opened, so as to augment the supply of steam and increase the action on the piston ; 
and the damper is raised, so as to increase the intensity of the comhnstion and 
augment the rate of evaporation in the holler. 

7. It would be obviously desirable that these contrivances, which we have here 
supposed to be regulated at the discretion of the attendant on the engine, should be 
regulated by the wants of the engine itself, so as to be made self-acting^ like the 
valves which regulate the supply of steam to the cjflinder. 

8. This is accordingly accomplished by very simple and effectual means in low- 
pressure boilers, to which we more particularly advert at present. A tube is inserted, 
which descends in the boiler below the level of the water ; the pressure of the steam 
supports in this tube a column of water of a certain height, and as the pressnre of the 
steam varies, this column varies in height. A float is introduced in the tube^ and 
supported by this column of water : a chain attached to this float is conducted over 
one or more pulleys, and carried to the damper, which is suspended to it. Now, let 
ns suppose the throttle valve either opened or closed, as the case may be. If it be 
opened, the supply of steam passing from the boiler to the cylinder is augmented ; 
the pressure of steam in the boiler is for the moment diminished by this exhaustion ; 
the column of water in the tube falls by reason of the diminished pressure ; the float 
supported by it falls with it, and, drawing down the chain, draws up the damper * 
the draft through the furnace is augmented, the combustion is stimulated, the heat 
which acts on the boiler increased, and the evaporation accelerated nnUl the 
production of steam becomes adequate to the demands of the cylinder. 

9. In this way the varying demands of the cylinder on the boiler are made to vaij 
in a proportional manner the action of the furnace, on which the generation of steam 
depends : when the cylinder consumes much steam, the damper is kept open ; when 
little, it is partially closed. 

10. The superintendence of the damper by the engine-man is therefore superseded. 
The engine itself works it more regularly and perfectly than could be done bj any 
manual superintendence. 

11. This arrangement is called the self-acting damper. 

12. In steam engines in general, and especially in those used in the manufactories^ 
the rate at which steam is supplied to the cylinder ought to be proportionate to the 
work which the engine has to perform ; if not, whenever the resistance on the engine 
should be diminished, the speed of the piston would be augmented ; and when- 
ever the resistance should be augmented, the speed of the piston would be diminished, 
and a continually varying and irregular motion would necessarily take place in the 
engine, and would be transmitted to the machinery which it works. This is in 
general incompatible with the exigences of the arts and manufactures, in which 
there is a certain rate of motion or speed which ought to be imparted to the 
machinery, and which ought neither to be permitted to decline or augment. 

13. Now, since occasional variations in the resistance are inevitable, the only way 
to maintain an uniform velocity in the engine and in the machinery it drives is to 
provide means of regulating the supply of steam, so that the rate at which it shall 
flow into the cylinder shall be varied in the exact proportion of the resistance. This 
mighty as I have already stated, be accomplished by the manual superintendence of 
the throttle valve ; but a much more certain and efficacious expedient was supplied 
in the jrowmor, by the fertile invention of Watt 

14. To make the principle of the governor comprehended, we must refer to a well- 
kBOWB property of the oommon pendulum need as the regulator of time-pieces. It ia 
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llie jraptrij of this iDilnnneot, OnX Thea il otcUUUo in obedience to gntTitj firoin 
Bdi to ude in > drenlu ore, the time of ita vibnitian will be the cune, vhether the 
mt ia irhich it Tihnte* uti long or abort, ptoTided odI; the angle of ita Tibratjon 
bs Dot ooniidenhle : if the area be ehart, ita motian irill be iloir ; if long, it> 
TtloeitT vill b« prnportioDill J great ; and thus, whether long or abort, the time of 
MeMnpUahing t, oomplete TibratioD will be the aune. This weli-fcaewn propertf of 
(he pEndalDm ia called itoehrmiim. 

16. Koir if the pendaiona knob, inaUad of vibrating in a circnlnr are, be made to 
vUil with a eircolar motioD round an axis, the knob, in Tirtne of tbe centrifogBl 
fine prodtued bj the rotation, will have a tcDdene; to recede from tbe aiia ronnd 
vhieh tbe motion takea place ; and when It asanmea ancb a poaition Ibat the tendenc]r 
to teeede i« equal to ita tendeacy to descend, in Tirtne of ita wnght, it trill remain at 
a filed diatancs from tbe aiia nnmd whieb it leroltea, ndtber Teceding from nor 
qiproaching to it. 

16. It il a property of thia arrangement, qnite analof^oliB to the isochronian of the 
pendolinii, and, indeed, depending on tbe came phjaicnl principlea, that the time of 
iCTolation nfcwiiry to prodnce thia eqnilibrium, and to keep tbe knob at a Eied 
dirtanee from tbe uia, withont receding fVom or approaching to it, ia tbe same, 
•batenr be the diatance of the knob from the axia, proiided only that tbe angle of 
oUiqaity of tbe rod be not considerable ; and even though anch angle haie aome 
cooaiderable maitnitude, tbe timea of rerolntion eoireaponding to the atate of eqnili- 
Iriun win not be cnnaideiably different. 

IT. Tbia eipedient, known by tbe name of tbe amiad penditlBm, waa applied by 
Watt, with bia nioal falicity and inoxaa, to tbe Tegnlation of the throttle Talre. The 
ai usually adopted, is tepreaented in the following figure. Two balla I 
« the ends of eqoal roda of metal, h o. The arrangement ia composed 




ofaaeriea of jointed toda n rt, which play npon a vertical apindleco, being fixed 
at s, bat capable of eliding npon It at s. When the balls are aeparaled ao that th« 
nds R □ become more diTergent, the arms n r open, and the pirots r, separating, 
draw down the collar i, which, as I have stated, elides npon the spindle ; and on the 
entnry, when the balla approach each other, the arms h r also approach each other, 
and the collar a ia forced up. Thn^ according to the diatance* of (he balla &om the 
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vertical spindle, the collar B ascends or descends. In the collar B is inserted the 

forked end k of the IcTcr h l K. The end n of this lever is connected, at represented 

in the figure, with the throttle valve t, and the proportion and position of the rods 

are so adjusted that when the balls descend towards their lowest poeition, the 

throttle valve becomes open ; and when they separate, it becomes gradoiUy 

closed. 

A grooved wheel A b, or oftener a toothed pinion, is fixed upon the axle of the 

spindle, which receives its motion from any convenient part of the machiliery. 

Now let us suppose that the load on the engine is suddenly diminished^ A 
momentary augmentation of speed will take place in the piston, and an increased 
velocity be imparted to the wheel A B and the balls of the governor ; these balls will 
consequently fiy further from the vertical spindle, the fork K will be drawn down, 
the throttle valve T partially closed, and the supply of steam to the cylinder 
diminished. 

If, on the other hand, the load on the engine be increased, the speed of the piston 
will be momentarily slackened, the velocity of the wheel A b will be diminished, the 
balls will descend and approach the vertical spindle, the fork K will be raised, and 
the throttle valve t partially opened. In this manner the governor has the effect of 
admitting at all times to the cylinder just that portion of steam which is necessary to 
give to the piston the proper velocity, the quantity being always proportioned to the 
load on the engine. 

It is to be understood that this beautiful little instrument exercises powers 
circumscribed within narrow limits, but these limits are sufficiently extended to 
accommodate themselves to the variations incidental to the work which the engine 
performs. If the average amount of work varies from time to time, the governor 
can be adjusted accordingly. 

18. I have already explained in how great a degieo the regular supply of water to 
the boiler is necessary to the efficiency of the machine. Since the water in the 
boiler will be in the direct proportion of the work executed by the engine and 
the combustion in the furnace, it seems natural to seek for some self-regulating mode 
of feeding the boiler, analogous to that which we have described as governing the 
combustion in the furnace and the supply of steam to the cylinder. It has been 
already explained that a float within the boiler causes a rod, bearing an index to 
ascend and descend, indicating always the quantity of water in the boiler. 

Now if this rod can be made to act upon a reservoir of water communicating with 
the interior of the boiler, so as to open the valve and admit water when it descends, 
and close the valve so as to stop the supply when it ascends, the desired object will 
be attained. Such an arrangement has accordingly been adopted with complete 
success in low-pressure boilers, and forms what is called the self-acting feeder. To 
the rod of the float is attached a cord or chain by which it is connected with the end 
of a lever, which opens and closes a valve placed in the bottom of a small cistern 
which stands at a sufficient height above the boiler. A tube is inserted in the bottom 
of this cistern under the valve, which tube descends into the boiler, and in it a column 
of water is sustained by the pressure of the steam, as already described. 

When the level of the water subsides and the boiler requires feeding, the float falls, 
draws down the rod, opens the valve in the small cistern above, and lets water flow 
in through the tube : this continues until the level of the water is restored to its 
proper height, when the valve is closed. 

19. But to speak more precisely, this valve is not alternately opened and closed* 
The float and valve will be so adjusted that the latter is kept just so much open as 
to sUow a sbeam of water to descend in the tube which is exactly equal to the rato 
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of eraporation in the boiler, bo that the lerel of the water is kept constantly at the 
fame point. 

20. This arraogementi howeyer, is onl j applicable to low-pressnre boilers, for in 
high-preasore boilers ^e column of water which woald be sustained in the tabe 
would be too high. 

21. It is cnstomaTy to supply the feed cistern just mentioned with the water 
pumped firom the condenser by the air-pump : this water, having a temperature more 
elevated than that of the atmosphere, carries back to the boiler a portion of heat 
whicli would otherwise be wasted. 

22. In high-pressure boilers, where this feeding apparatus would be inapplicable, 
the nefessary quantity of water is driven into the boiler by forcing pumps, called 
feed-pumip», which are worked by the engine. The dimensions of these pumps are 
regulated according to the average OTaporating power of the boiler, so that the 
qoantitj of water which they throw in shall be exactly equal to the quantity which 
pasMt in the state of steam to the cylinder. 

23. As this proportion, however, cannot be alwajra precisely maintained, it is 
necessary to provide means for cutting off the feed-pumps, or throwing them into 
operation at pleasure. Arrangements of this kind are accordingly provided, and 
placed at the disposal of the engineer. 

24. An easy and obvious expedient suggests itself for cutting off the feed, and 
sopplying it according to the wants of the boiler, which, however, I do not recollect 
seeing adopted in practice. 

25. The float which rises and falls with the level of the water in the boiler might 
be made to act by its rod upon the gearing of the feed-pumps, exactly as it acts upon 
the valve in the feed-cistern in low-pressure boilers ; so that whenever the level 
of the water should become too high, the pump should be thrown out of gear ; and 
whenever it was too low, it should be thrown into action. 

SECTION XXIIL— HOW THE STEAM ENGINE 18 ADAPTED TO THE WORKINQ OF 

PUMPS. 

1. Hitherto we have considered the piston as driven in both directions, upwards 
sad downwards, by steam, a vacuum being produced alternately on the side towards 
vhidi it moves. 

2. When the engine is applied to wo^k a common lifting^pump, the force being only 
required to be exertedwhen the pump buckets are raised, but not in their descent, an 
anangonent would be required in the cylinder by which the piston should be only 
driven by steam in its descent, the pump buckets being then raised at the other end 
of the beam ; but in its ascent the piston would be drawn up by the weight of the 
descending buckets and rods, without any aid from the steam. Engines adapted to 
work such pumps are therefore so arranged that the valve shall only admit steam 
above the piston, a vacuum being made below it in the descent. Engines constructed 
in this manner are called tingU-acting engines^ while those in which the steam acts 
both above and below the piston are called double-acting engines. 

8. The single-acting engine in its principle differs in no respect from those we 
have described. A valve is provided at the top of the cylinder, by which steam 
18 admitted above the piston when it begins to descend ; another valve is provided at 
the bottom, by which the steam under the piston passes to the condenser ; and the 
piston descends exactly in the same manner as in the double-acting engine. But 
when the piston has reached the bottom of the cylinder, a valve is opened which 
gives a communication between the top and Jhe bottom of the cylinder, so that 
the iteam which has just pressed the piston down now passes equally above and 



4G8 STEAM ENGINE* 

below it. The piston being then drawn up by the weight of the descending backetfl» 
the steam which was above it passes below it, through a tube attached, in which the 
yalve just mentioned, commnnicaling between the top and bottom of the cylinder, ib 
placed. When the piston has reached the top of the cylinder, the steam which pre* 
yiously filled the cylinder above the piston will now fill it below the piston ; and 
when the piston is about to descend by the pressure of fresh steam admitted aboye it, 
the steam below it is discharged to the condenser by another valve, already mentioned, 
and 80 the operation proceeds. 

4. These single-acting engines are only applicable to pumping or to some other 
operation in which an intermitting force, acting in one direction only, ie required. 

5. The double-acting engine may, however, be also applied to pumping by the me 
of a double-acting pump, a variety of forms of which are familiar to engineers. 

6. The most remarkable examples of the application of the steam-engine to pump- 
ing are presented in the mining districts of Cornwall, where engines constmcted on 
an enormous scale are applied to the drainage of the mines. The largest steam 
engines in the world are used for this purpose. Cylinders 8 and 9 feet in diameter 
are not unprecedented. The expansive principle may here be applied without limits 
inasmuch as regularity of motion is not necessary. Steam having a pressure of 50 Ibi. 
per square inch above the atmosphere is admitted to act on the piston, and cut off 
after performing from } to -^^ of the stroke, the remainder of the stroke being effected 
by the expansion alone of the steam. 

SECTION XXIT.— now THS STEAM EKOINB IS CONSTRUCTED IK OASSS WHSBB ▲ 

OONDESSINO APPARATUS IS INADMISSIBLE. 

1. It will be perceived that the advantages obtained by the vacuum produced hf 
the condensation of steam are not without drawbacks. The machinery for condeu' 
sation is costly, bulky, and heavy, and moreover consumes a considerable portion of 
the moving power in working it. The condenser requires a cistern of cold water, in 
which it is submerged. The cistern must be kept constantly supplied with oold 
water, for which purpose a pump called the caid water pump, must be worked by the 
engine. The water and air admitted by the condensing jet must be continually 
pumped out by the air-pump. In many cases the steam engine is worked in situ- 
ations in which a sufficient supply of cold water cannot be procured, and where the 
weight and bulk of the condenser, air-pump, and 'cold water pump, would be inad- 
missible. In these cases the power of the steam must be worked without the advan* 
tage of the vacuum on the other side of the piston. Engines thus constructed are 
called non- condensing engines, and sometimes, though not with strict propriety, high' 
pressure engines. Steam having a greater pressure than that of the atmosphere being 
admitted on one side of the piston, and the other side being left in open communi- 
cation with the atmosphere, the piston will be urged forwards by a force proportional 
to the excess of the steam pressure above the pressure of the atmosphere, the friction, 
and other resistances. When the piston i? thus drawn to the other end of the cylinder, 
the steam being admitted on the oppcslte side of tlie piston, and the contrary side 
being open to the atmosphere, the piston will in like manner be urged back again. 

2. Between the mtchanism by which the admission and emission of the steam is 
effected in this machinery, and that which we have described in the condensing 
engine, there is no real difference. Whether the steam be allowed to escape to the 
condenser or into the open atmosphere, the mechanism which governs its admission 
and escape will be the same. 

8. As the pressure of the steam in such machines must necessarily exceed that of 
the atmosphere, in a sufficient proportion to supply a force necessary for the purpoet 
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to which the madiine is applied, the pressure is always much greater than is neces- 
mry where condensation is used ; and hence the application of the term high pressure 
engine* to snch machines ; bat the use of the term is objectionable, inasmuch as 
iteam of an equally high pressure is often used in engines in which the steam is con- 
densed and a vacuum produced. An example of this is presented in the engines used in 
Cornwall, where steam having a pressure of 50 tt>s. or upwards on the square inch is used. 
i. Properly speaking, therefore, high pressure engines consist of two classes ; those 
in which the steam is not condensed, and those in which it is condensed. 

5. The most proper ckssification of engines, therefore, is into condensing and non- 
eomdensing engines ; the latter being always high -pressure engines, and the former 
sometimes high-pressure and sometimes low-pressure. 

6. By low-pressure engines is to be understood those in which the safety valve on 
the boiler is loaded at the rate of 4 to 6 lbs. per square inch. 

7. High-pressure engines is a term rather indefinite ; but where the valve is loaded 
with 20 Ifae. or upwards per square inclf, the machine is generally so called. 

8. In the United States, the use of high-pressure steam is much more universal 
than in England, and 20 lbs. upon a square inch of the safety-valve would hardly be 
denominated high pressure. This will be understood when it is stated that from 120 
to 150 lbs. per square inch is not a very iincommon pressure to use. 

9. In locomotive engines, the condensing apparatus is excluded for obvious reasons. 
The pressure in these is usually from 100 to 150 its. per square inch. The steam which 
eMapee from the cylinder after working the engine, is ejected up the chimney, where 
it plays the part of a blower, and supplies that want of elevation of the chimney 
which carcomstanoes here exclude. 

BIOTIOV XXT. — HOW THE MECHANICAL PRESSURE OF THE STEAM ON THE PISTON IS 
LIMITED, AND HOW THE SPEED OF THE PISTON IS AFFEOTlD BT THIS. 

It is commonly but erroneously supposed that the pressure which the steam exerts 
en the piston of an engine can be augmented or diminished at pleasure by augment- 
ing or diminishing the pressure of the steam in the boiler. A moment^s attention to 
some universal principles of mechanical science will be sufficient to rectify this error. 

It is an established principle, that when a body which offers a definite resistance 
to motion is impelled by a force whose pressure is precisely equal to that resistance, 
the body so acted upon must be in one of two states, viz. either at rest, or moving 
with an uniform velocity. 

This principle is convertible. A state of rest or of uniform motion presumes that 
the body in such state must be acted upon by forces in equilibriOf — that is to say, if 
it be in motion, the energy of the forces which impel it must be precisely equivalent 
to the retistanoe which it offers to them. 

To iUnatrate this by a practical example, let us suppose that a carriage placed on 
an uniform and level road is drawn by a horse at a perfectly uniform speed. The 
renatanoe in this case which the carriage offers to the draught is precisely equivalent to 
the force impressed by the horse on the collar. 

If an experimental proof of this be required, it may be easily given. Let a carriage 
he placed on any level surface, and drawn by a weight carried over a pulley. When 
its motion is uniform, it will be found that the amount of the weight which gives it 
such motion is precisely equal to the resistance of the carriage. 

But it will be asked, how can the energy of the impelling forces be greater or less 
than the resistance^ if the object to which it is applied be in motion ? If it be greater 
thsn the resistance, it cannot do more than move it ; if it be less than the resistance^ 
why does not the otiject stop altogether ! Admitting that a moving force greater i» 
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amount than the resistance of the body moyed can be applied, it may be farther 
asked, what becomes of the sorplas of saoh moving force ? It is dear that the reaiit* 
anoe cannot absorb more than its own amonnt of the moving force : on what^ then- 
is the snrplus expended ? 

Let the simple and familiar example of a carriage moved on a level road be taken. 
Let us suppose that the force exercised on the carriage is 150 lbs. while the resisi- 
ance of the carriage to the moving power is only 100 lbs. On what object, then, are 
the other 50 lbs. expended ? 

The answer to this is extremely simple, and easily understood. When the moving 
force is thus greater in intensity than the resistance, the motion imparted to the body 
to which it is applied is not, as above, an uniform speed, but a speed constantly 
accelerated : in every succeeding second of time the moving force imparta to the 
body an increased velocity, and consequently an increased momentum. It is by this 
augmentation of momentum, then, that the snrplus moving force is absorbed. It is, 
therefore a living force. It is not, properly speaking, extinguished, as in that portioa 
of the moving force which is in equHibrio with the rraistanoe. The momentum 
which it produces in the moving body will be retained and expended upon something 
before the moving body can come to a state of rest. 

Accelerated motion is, then, the consequence of the moving force exceeding in 
amount the resistance of the body moved. 

Analogy will at once raise the presumption, that a gradually retarded motion will 
be the consequence of the moving force being less in intensity than the resistance of 
the body moved. 

The moving force in this case balances, or as it were extinguishes so mndi of the 
resistance as is equal to its intensity ; the excess of the resistance, however, remains 
to be accounted for. What is its effect, and what becomes of it ! We suppose the 
body to bo already in motion ; its weight or mass has therefore a certain momentum, 
which, by the common properties of matter, gives it a tendency to continoe in motion. 
This tendency is opposed by that portion of the resistance which is not balanofid by 
the moving force. This portion of the resistance, then gradually robs the moving 
body of its momentum, makes it move more and more slowly, and at length, extin- 
guishing all the momentum, brings the body to a state of rest. 

Thus it will be clearly understood that any inequality between the intensity of the 
pressure, or traction, or impulsion, by whichever term the moving force be designated 
and the intensity of the resistance, will be attended with an accelerated or retarded 
motion in the Ixxly moved, according as the excess lies on the side of the moving 
power or on the side of the resistance. 

There is nothing new in these principles. They are, in £sct, the estnhlidied prin 
ciples of general mechanics, perfectly familiar to all who have cultivated the bigger 
departments of science. 

Let us api^ly these principles to the case of a steam engine. 

The piston is in this case the body moved. The boiler is the source of the moving 
p^^wer. To simplify the case, we shall imagine the motion of the pLston to taks plaoe 
constantly in one dinection, instead of being reciprocated from end to end of the 
evlinder. 

Now it f>llows from what has just been explained, that if the motion of the pnton 
in the cylinder be unifv>rm. the pcvssure of the steam which impds it canisot faj any 
mechanical possibility be difierent from the amount of the resistance whidi the piston 
otfen. Tou may load the safifty valve as yon please : yon may vary the condition of 
the boUer in any imaginable manner, and the pr»su« of the steam in that rtmA 
MayhnTt any UumMty whatever; bnt it is demoKtmUy certain that the meMimi of 
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the tieam in the oylinder cannot be either greater or leas than such as would be neees- 
saiy on the entire surface of the piston to produce an action equal to its resistance. 
This is as certain as the conclusion of any problem in common geometry. 

Bat then, it may be objected, we can hare no power to yary the pressure of the 
steam in the boiler, inasmuch as the resistance of the piston has no connection with 
the aoorce of the moving power. 

I have explained in a former section that the pressure of steam in the boiler, 
though it can never be le$a than the pressure of steam in the cylinder, may be to any 
desired extent greater : the action of the throttle valve explains this : the more the 
throttle valve is contracted, and the smaller the orifice through which the steam has 
to pass into tiie cylinder, the greater will be the ratio of its pressure in the boiler to 
its preoure in the cylinder. There is, then, a minor limit to the pressure of steam 
in the boiler ; it cannot be less than such a pressure as would produce on the piston 
an action equal to its resistance. 

What IB, on the other hand, the n^ajor limit of the pressure of steam in the boiler ! 
This limit is obviously determined by the load on the safety valve : when the steam 
exceeds this limits the safety valve will be opened, and the surplus pressure reduced 
by escape. 

It thus appears that the piston and the safety valve supply the two limits of the 
possiUe pressure of steam in the boiler. The pressure per square inch of the steam 
in the boiler cannot be less than the resistance per square inch of the piston, nor 
greater than the pressure per square inch on the safety valve. 

In the ordinary action of an engine, the motion must in the main be uniform. 
Aeederation or retardation are conditions exceptional and occasional. When the pis- 
ion is first put in motion from a state of rest, its motion is accelerated until it has 
attained its normal and regular speed ; when the engine is about to be stopped, its 
motion is gradually retarded until the i*esistance extinguishes the momentum of the 
naehinery. 

¥nien the piston and other reciprocating parts of the machinery change the direc- 
tion of their motion at each extremity of the stroke, they will be for a short interval, 
before and after the moment the direction changes, retarded and accelerated ; and 
tills retardation and acceleration would be very perceptible, were it not for the fly- 
wheel : but the momentum of the fly-wheel, as well in oonaequence of its weight as 
of the velocity of the matter forming its rim, so prodigiously exceeds the momentum 
of the ledprocating parts of the machinery, that the effect of acceleration and retard- 
ation in the latter is altogether efEaced by the great momentum of the revolving mass 
of the former. 

It is for this reason that the fly-wheel justifies us practically in our reasoning in 
aisnming the piston as moving uniformly and constantly in one direction, instead of 
reciprocating. 

When the steam is used expansively, being cat off at one-half, or any other fraction 
of the stroke^ the impelling power necessarily varies in intensity ; and as the resist- 
saee does not vary in intensity, or at least does not vary in the same manner and pro- 
portion, there will consequently not be an equilibrium between the moving power and 
ike renstance, and the motion therefore cannot be uniform. 

When steam is thus applied, the pressure, when first admitted on the piston, is 
greater than the resistance ; and so long as the steam valve is open, the motion of the 
piston wHl be accelerated. When it is closed, and the steam begins to expand, it 
gradually diminishes in intensity. The accelerated motion of the piston will, how- 
ever, continue until the pressure of the steam becomes equal to the resistance. Fur- 
ther expansion rendering it less powerful than the resistance, the motion of the piston 
vill be retarded to the end of the stroke. 
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This series of effects is repeated at each stroke of the piston. 

Now althoagh in this case the motion of the piston during any one stroke ia 
yariable, yet the average motiun of the machine will be uniform : althoagh tbroii|^- 
out a single stroke the piston l>e alternately accelerated and retarded, yet the number 
of strokes performed by tlie machine per minute will be the same. The aTezage 
velocity will be uniform, although the velocity within the limit of a single stroke be 
net so. 

But even this variation within the limits of each stroke is almost effaced by the 
action of the fly-wheel, which absorbs the acceleration and repairs the retardation hj 
giving and taking momentum, as already dcscril)ed. 

I have spoken of the uniform velocity of the piston, which, whether it be main- 
tained in the literal sense of the term, or only on the average, as estimated by 
the number of strokes per minute, must in every case be the result of an equilibrium 
between the average moving force of the steam and the resistance of the machinery. 
But what, it may be asked, determines the rate of this uniform speed ? What eon- 
ditions are they which can determine whether the piston shall move 200 feet or 500 
feet per minute ? 

This is obviously determined by the late at which the boiler is capable of supplying 
steam of the requisite pressure to the cylinder. Jjet the resistance on the piston be 
estimated ; say that it is 20 lbs. per square inch of its surface ; then the boiler must 
be capable of supplying steam of 20 tbs. pressure per square inch, in such measure as 
to enable the piston to move at the required 8j)eed. 

Let us assume, for example, that the required speed is 2000 feet per minute^ 
or 12,000 feet per hour, and that the area of the piston is 5 square feet ; then, to 
enable the piston to advance through 12,000 feet, a column of steam must follow it^ 
12,000 feet in length and 5 square feet in iia section, which gives 60,000 cubic ftet 
of steam. But steam having the pressure of 20 tbs. per square inch bears to the bulk 
of water which produces it the proportion of 1281 to 1 ; therefore, if we divide 
60,000 by 1281, we shall find the number of cubic feet of water which must be sup- 
plied in the state of steam by the boiler to the cylinder in an hour. 

This division gives 47, very nearly. This boiler therefore, must in this case evapo- 
rate 47 cubic feet of water per hour, or, according to the conventional standard of 
boiler-makers, be a boiler of 47 horse-jwwer. 

In general this calculation may be made by the aid of the following Tables. 

TABLE I.— AREAS OF PISTONS. 



Dia. 



Inch. 
1 

i 



I 

i 
2 



Area, i Dis. i Area. 



i 

i 



IncbeB. 
•785 
•994 
1-227 
1-484 
1-767 
2-073 
2-405 
2-761 
3141 
3-646 
3-976 
4-430 
4-908 
5-411 
5-939 
«-4fa 



ch. 

3 i 

i 
i 

a 



4 

I 

4 

i 
i 



i 



Inches. 

7-068 

7-669 

8-295 

8-946 

9-6-21 

10-320 

11-044 

11-793 

12-566 

13-364 

14-186 

15 033 

15-904 

16-800 

17-720 

18-665 



Dii 



Inch. 
5 

ft 



4 

i 

6 
J 

H 



i 



i 



Area. 

Inches. 

19-635 

20-629 

21-647 

22-690 

23-758 

24-860 

25-967 

27-103 

28-274 

29-464 

30-679 

31-919 

33-183 

34-471 

35-784 

37-122 



Dia. 



Inch. 

7 

ft 



4 

I 

i 
i 

8 

4 

i 

a 



Area. ' Dia. 



Area. 



i 

i 



Indies. 
38-484 
39-871 
41-282 
42-718 
44178 
45-663 
47-173 
48-707 
50-266 
51-848 
53-456 
55-088 
56-745 
58-426 
60-132 
61 -862 



' Inches 
!" 68-617 
65-396 
67-200 
69-029 
70-882 
72-759 
74-662 
76-588 
78-540 
80-516 
82-616 
84-640 
86-590 
88-664 
90-762 
92-885 



TABLE l.—(hnUrMed, 



DU. Area. . Dim. Area. i= DU. Area. 'DU.I Area 



i 



Inahaa. 

95-088 

97-205 

99*402 

101-62 

108*86 

106 13 

108-48 

110-75 

118-09 

115-46 

117-85 

120-27 

122-71 

125*18 

127-67 

180-19 

182-73 

185*29 

187-88 

140-50 

148-13 

145-80 

148-48 

151-20 

158*98 

156*69 

159-48 

162-29 

165*18 

167-98 

170-87 

173-78 

176*71 

179-67 

182-65 

185-66 

188*69 

191*74 

194-82 

197-98 

201*06 

204*21 

207-39 

210-59 

213-82 

217 07 

220-85 

228-65 

226-98 

280-38 

238-70 

287*10 

240-52 

248-97 

247*45 

250*94 

254-46 

258-01 

261*58 

265-18 

268-80 

272*44 

276*11 

279-81 



Dia. Alt a. i Dia. 



Inrhea. 
288-52 
287-27 
291 03 
294*83 
298-64 
302*48 
306-35 
310-24 
31416 
31809 
322*06 
326-05 
330*06 
334*10 
33816 
342-25 
346-36 
850-49 
854*65 
358*84 
363-05 
867-28 
371 -54 
875*82 
380-13 
384-46 
388*82 
393-20 
397*60 
40203 
406*49 
410*97 
415*47 
420-00 
424*55 
429-13 
433-78 
438-36 
443-01 
447-69 
452*39 
457-11 
461*86 
4G6-63 
471*43 
476*25 
481-10 
485*97 
490*87 
495*79 
500*74 
505*71 
510-70 
515-72 
520*76 
525 88 
530-93 
536*04 
541-18 
. 546*35 
1551*54 
i 556-76 
j 562-00 
I 567-26 



Inchea. 

572-55 

577*87 

583-20 

588-57 

593*95 

599*37 

604*80 

610*26 

615-75 

621*26 

626*79 

632 35 

637*94 

643*54 

649-18 

654-83 

660*52 

666*22 

671-95 

677-71 

683*49 

689-20 

695*12 

700-98 

706-86 

712*76 

718-69 

724-64 

730*61 

736-61 

742 64 

748-69 

754*76 

760*86 

766-99 

773*14 

779-31 

785*51 

791*73 

797-97 

804-24 

810*54 

816-86 

828-21 

829*57 

835-97 

842-39 

848*83 

855-30 

861-79 

868*30 

874*84 

881*41 

888*00 

894-61 

901-25 

907*92 

914-61 

921*32 

928 06 

934*82 

941 -CO 

948-41 

955-25 



Inchen. 

96211 

968-99 

975*90 

982*84 

989*80 

996*78 

1003-7 

1010*8 

1017*8 

1024*9 

1032 

1039 1 

1046-3 

1053*5 

10607 

1067*9 

1075*2 

1082-4 

1089-7 

1097-1 

1104*4 

1111-8 

1119*2 

1126*6 

11341 

1141-5 

1149*0 

1156*6 

1164*1 

1171-7 

1179-3 

1186*9 

1194*5 

1202*2 

1209-9 

1217*6 

1225-4 

12881 

1240*9 

1248*7 

1256*5 

1264*5 

1272*3 

1280-3 

1288*2 

1296 2 

1304*2 

1312*2 

1320-2 

1328-3 

1336*4 

1344*5 

1362*6 

1360*8 

1369*0 

1377*2 

1385-4 

1393*7 

1401*9 

1410-2 

1418*6 

1426*9 

1435-3 

1443*7 



I 



i 



i 



ij 



i 

i 
i 
i 

i 



ncliOM. 



452 
460 
469 
4^7 
486 
494 
503 
511 
520 
529 
537 
546 
555 
564 
572 
581 
590 
599 
608 
617 
625 
634 
643 
652 
661 
670 
680 
689 
698 
707 
716 
7-25 
734 
744 
753 
762 
772 
781 
790 
800 
809 
818 
828 
887 
847 
856 
866 
876 
885 
895 
905 
914 
924 
934 
943 
953 
963 
973 
983 
993 
002 
2012 
2022 
2032 



2 
6 
1 
6 
1 
7 
3 
9 
5 
1 
8 
5 
2 

8 
6 
4 
2 
1 

9 
9 
8 
8 
9 
9 

1 
2 
3 
5 
7 
9 
1 
4 
7 

3 
7 
1 
5 
9 
4 
9 
4 
9 
5 
1 
7 
3 

7 
4 
1 
9 
6 
5 
8 
1 

9 
8 
8 
8 



4 

i 

i 

55 

i 
i 

i 
i 
i 

i 
i 

i 



67 
i 
i 
I 
i 
i 
i 
I 

68 

i 
i 



i 
i 
I 
i 



IiicLea. 

Indies. 

2042-8 

2052-8 

2062*9 

2072-9 

2083*0 

•2093*2 

2103*3 

2113*5 

2123*7 

2133*9 

21441 

2154*4 

2164-7 

2175-0 

2185-4 

2195-7 

2206-1 

2216*6 

2227 

2237*5 

2248*0 

2258-5 

2269-0 

2279*6 

2290-2 

2300-8 

2311*4 

2822*1 

2332*8 

2343 -5 

2354*2 

2365-0 

2375*8 

2386*6 

23^7-4 

2408*3 

2419*2 

2430*1 

2441*0 

24520 

2463 

2474 

2485 

2496 

2507' 

2518 

25*29 

2540- 

2551 7 

2562-9 

2574*1 

2585-4 

2596-7 

2608*0 

2619*3 

2630-7 

2642-0 

2653*4 

2664-9 

2676*3 

2687*8 

2699*3 

•2710-8 

2722-4 




-0 
•0 
•1 
1 
2 
•4 
-5 



TOL. III. 



I I 











TABLE I.— 


artUmtd. 












Dli.l An*. ' 


DK.I Aru. 


"^ 


a™. 


DU 


a™. 


^..\ Ar« 


-1 "'1 


iDDhI Inchc 


■ neb. I.ichst. 


Int 


~j„^i,„ 


Inch 


InchM 


[nch 


InchM 


iDcl: 


An*. 


59 . 2733 -S 


66 13421-2 


7E 


4185-3 


80 


5026-6 


87' 


6944-6 


Oi 


693B-T 


1 2r45-fi 


1 34341 




4198-7 




5042-2 




6961-7 




6B58-2 






; 3447-1 




4214-1 




6058-0 




5978-9 




6976-7 




2708-8 
2T.--0-5 
27fl2'2 


3400-1 

, 3473-2 
: 3iS8-3 




4228-E 
4242-e 
4257-3 




50T3'7 
6089-5 
5105-4 




6090-0 
0O13-2 
0030-4 




0995-2 
7018-8 
7032-3 




SSOS'B 


3498'3 




4271-8 




3121-2 


a 


6047-6 




7060-9 




2SI5-8 


■ 3512 -fi 




4288-3 




6137-1 


i 


6084-8 




7069-6 


S 


2827 -< 


6 3525 6 


7 


4300-8 




61.13 -0 




8082-1 


9 


7088-2 




2-39-2 


1 3538-8 




4816 -8 


i 


5168-0 




60Q9'4 




7106B 




2851-0 
2se2-8 


i 3663-0 
; 3565-2 




432B-B 
4344-5 


1 


6184-8 
5200-8 


j 


6118-7 
6134-0 




7126-5 

7144-3 




2S74-7 




3578-4 




4350-1 




6216-8 




6151-4 




716S-0 




2SBe-0 




3691-7 




4373-S 




82^2-8 




6163-8 




7181-8 




2S08'5 




3605-0 




4388-4 




6248-8 




8186-2 




7200-6 




2810-6 




8618-3 




4403-1 




6264-9 




6203-6 




7219-4 


61 


SB22-4 


63 


3631 -0 


7 


4417-fl 


E 


5281-0 


SB 


6221-1 


9 


7238-2 


1 


2g»l-4 


i 


3645 


i 


44320 




5287-1 






6238-6 




7257-1 




2Siei 




3868-4 




4447 s 




6ai8-2 






6256-1 




7275-8 




^oas'S 




3671-8 




4462-1 




5329-4 






6273-6 




7294 9 




2'.' 70 -5 




30S5-2 




4476-9 




5345-0 






6291-2 




7318-8 




2982-6 




3608-7 




4401-8 




5361-8 






6308 8 




7332 -S 




2094-7 




3712-2 




4606-6 




6378-0 






6326-4 




73S17 




8006 -9 




3726-7 




4621-6 




53B4-3 






6844-0 




7370-7 


e 


301 3-0 
3031-2 
30i3'l 
3055-7 
3007-0 
3030-2 
3092 '6 
3I0i-8 


6 


3789-2 
3752-8 
S7fl0-4 
3780-0 
3793-6 
3807-3 
3S210 
3834-7 


7 


4536-4 
4551 -4 
45C6-3 
4581-3 
45B6-3 
4011-3 
4028-4 
4641-5 


8 


6410-6 
B42B-fl 

5443-2 
5458-6 
5478-0 
6492-4 
6508-8 
6525-3 


9 




6361-7 

6379-4 
6897 1 
6414-8 

6432-6 
64S0-4 
6468-2 
6486-0 


9 


7889-8 
7408 -S 
7427-9 
7447-0 
7466-2 
7486-8 
7604-5 
7623-7 


6 


3117-2 


7 


3S48-4 


7; 


4656-6 


84 


6641-7 


9 




8503-8 


8 


7642-9 




31 29-0 




38-12-2 




4071-7 


j 


6558-2 






6521-7 




7562-2 




3142-0 




3875-9 




4680-9 


6674-8 






6639-6 




7681-6 




8154-4 




3889-8 




4702-1 




6591-3 






6557-8 




7600-8 




3100-9 




3903-8 




4717-3 




5607 -B 






0575-6 




7620-1 




3173-4 




3917-4 




4732 5 




5024-6 






6693-5 




7639-4 




3191 -B 




3931-3 




4747-7 




5641-1 






6011-5 




7858-8 




3204-4 




3946-2 




4763-0 




6657-8 






6629-6 




7678-3 


6* 


32109 


7 


3959-2 


7 


4778-3 




6074-5 


92 


0047-6 





7697-7 




823B-fi 




3973-1 




4793-7 


1 


6^81-2 






6685-7 




7717-1 




3242-1 




8987-i 




4809-0 




5707-9 






6683-8 


: 7736-6 




3254 -e 




4001 I 




4824-4 




5724-6 






6701 -B 


7758-1 




S-ifl7-4 




4016-1 




4838-8 




6741-4 






6720-0 


7:76-« 




32S0'1 




4029-2 




4856-2 




6768-2 






673S-2 


! 77B6-a 




32828 




4043-2 




4870-7 




E776-0 






8756-4 


1 7814-7 




3305-5 




4007-3 




4886-1 




67B1 -8 






6776-4 


7834-8 


6 


3318-3 
3331 
3343-8 
3350-7 
33a8-5 
S3S2-4 
33fl5-3 




4071-5 
4035-6 
4089-8 
4114-0 
4128-2 
4142-5 
4166-7 


7 


4901-6 
4917-2 
4932-7 
4948-3 
4803-9 
4879-5 
49B6-] 




5808-8 
6825-7 
6842-6 
6859 5 
6876-5 
68S3'5 
6i)10-5 


9 




8792-9 
0811-1 
6829-4 
6847-8 
6866'1 
6SS4-5 
CMS-O 


10 


7864-0 




S408-2 




4171 




5010-3 




5627-6' ! V21:3_ 


_^ 





Br th.I1 Ttble, irhen the nnmbeT of indiw in the dIamet«T of tbe piston ii known) 
thennnilicr ofaquaie incliea in its uea oin be found on inspection. 

V L — Qina th« diunetet of tb« piston in inches, to End itt ue& in attaan 



STEAM ENGINE. 



475 



BiTLi I. — Find in Tftble I. the number of square inches in the area. Divide the 
number thus found by 144. The quotient will be the area of the piston in square 
feet 

SxAMPLB. — To find the area of a piston in square feet whose diameter is 86} 
indiet. 

By Table L we find that the area in square inches is 5910*5. Dividing this by Hi 

W8 obtain 

144)5910-5 

41-04 

which IB the area m square feet. 

Qirtsnos IL — Given the diameter of the piston in inches, and its speed in feet per 

minnte, to find the number of cubic feet of steam per hour which pass through 

the eylinder. 

Buui 2. — ^By Bule 1, find the area of the piston in square feet. Multiply this by 

the speed of the piston in feet per minute, and the product will be the number of 

eabie feet of steam which pass through the cylinder per minute. Multiply this last 

hj 60, and the product is the number of cubic feet per hour. 

BxAXPUi. — A 50-inch piston moves at the rate of 180 feet per minute. What 

number of cubic feet of steam per hour i>ass through the cylinder ? 

By Bole 1 we find the area of the piston to be 17*36 square feet. 

Xvltqdy thin hj 180 : 

17-86 

180 



8124-80 
60 



187488-00 

vhidi if the number of eubio feet of steam per hour which pass through the cylinder. 
In the following Table is giTen, in the Ist column, the total pressure of steam in 
pounds per square inch ; in the 2nd column, the corresponding temperature ; in the 
Sid cdlumn, the number of cubic inches of steam which would be produced by one 
enUe indi of water ; and in the 4th column, the total mechanical effect produced 
by the efiporatian of a cubic inch of water under the pressure expressed in the first 
eolum. 

TABLE n. 



htman 
ivsq. 

iMhT 

1 


Com- 
■pondliig 

tore. 


Cnbleinebes 

of Bteam 

prodnoed by 

a enbic indi 

of Water. 


Mechanical 

Eibot of a cubic 

inch of Water 

evaporated in 

lbs. raised 1 ft 


Total 

Pressure 

in lbs. 

iucta. 


Corre- 
sponding 
Tempera- 
ture. 


Cubic inches 

of 8t«am 

produced by 

a cubic indi 

of Water. 


Mechanical 

Effect of a cubic 

inch of Water 

evaporated in 

lbs. raised 1 tt 


102-9 


20868 


1739 


14 


209 1 


1778 


2074 


2 


126-1 


10874 


1812 


15 


212-8 


1669 


'z086 


8 


141-0 


7487 


1859 


16 


216-3 


1673 


2097 


4 


152-8 


5685 


1895 


17 


219-6 


1488 


2107 


6 


161-4 


4617 


1924 


18 


222-7 


1411 


2117 


6 


169-2 


8897 


1948 


19 


225-6 


1343 


2126 


7 


175-9 


8876 


1969 


20 


228-5 


1281 


2135 


8 


182-0 


2988 


1989 


21 


231-2 


1225 


2144 


9 


187-4 


2674 


2006 


22 


238-8 


1174 


2152 


10 


192-4 


2426 


2022 


23 


236-8 


1127 


2160 


11 


197-0 


2221 


2036 


24 


238-7 


1084 


2168 


IS 


201 -8 


2050 


2050 


25 


241 


1044 


2175 


18 


S05-8 


1904 


2063 


26 


243*3 


1007 


2182 



zz2 



8TEAU ENOINK. 
TABLE II.—Ci>MiitiMd. 



TuHl 




Cubic lDcb« ll«h>nt»l ToKl 


CuhiElncllM 


UeeluiileU 


Preuitra 


.s«.-. 








EllHtnr >mb 






'"»"- TT^tl°,l 


p™'!^''; 


l«!h*rw.r« 








■ cubie itKb 




Imli.' 


lure. 




ft*. nlKd 1 fL 


incb. '""■ 


efW«or. 


Iba.nla^lf 


27 


215-S 


973 






403 


2385 


28 


247-fl 


641 






398 


2383 


29 


219-6 


911 






393 


2301 


30 


251-6 


683 




388 


2394 


81 


E53*fi 


867 






383 


2397 


32 


255 -fl 


833 






379 


2400 


3J 


2fi7-3 


810 






374 


240S 


31 


259-1 


788 






370 


2405 


3G 


260-9 


787 








S66 


S40S 


SB 


282-6 


748 








302 


2411 


37 


£64-3 


729 








368 


2414 


S8 


sa5-9 


712 








354 


2417 


39 


26T-5 


696 








350 


2419 


40 


2S9'I 


679 








346 


2123 


n 


270-S 


684 








342 


S42fi 


*2 


272'1 


649 








339 


2427 


43 


273-8 


635 








335 


S430 


44 


2760 


622 








332 


2432 


45 


276-4 ■ 


810 








328 


2436 


4a 


277-8 


fiBS 








825 


343S 


47 


279-2 


6SS 








322 


2440 


43 


2806 


SIS 








319 


2443 


49 


281-9 


681 








318 


244S 


SO 


283-2 


654 








313 


2418 


Gl 


2S4'4 


644 








310 


2460 


52 


£85-7 


C3J 








307 


2(63 


53 


28fl-9 


625 








304 


2156 


5i 


28S-1 


618 








SOI 


2157 


56 


2S0'3 


608 








208 


2460 


SS 


290 '6 


600 








295 


2463 


67 


2B1-7 


4U2 








271 


3486 


SS 


292-9 


484 








251 


2507 


69 


294 '2 


477 








233 


2527 


60 


2a5'6 


470 








218 


264S 


61 


298-9 


463 








205 


3661 


62 


298-1 


456 








133 


2677 


03 


2II9'2 


449 








183 


2598 


84 


300 '3 


443 








174 


3608 


65 


301-3 


437 








168 


3693 


66 


302 ■* 


431 








153 


2636 


67 


303-4 


426 








161 


3850 


68 


304-4 


419 








14S 


3663 


69 


SOS '4 


414 








140 


2675 


TO 


aoa-4 


40S 








134 


2687 



H&ving thoe TaLlee hrCot 
principles of arithmetic, a mu 
inTeatig&tioa of vhich will tH 
Ijccii ilelivercil in genfrnl term 

It/ the powur ot a, boiler, 
nninbeT of catdo {e«t of wster 



fi; tb« «p«ed of the pisto 
alnU tbroDgb vbicb tlio pis 



to boItc, bj tbs eonmioB 

f considerable utility, Ihi 

ige tbe principle* wbkh bvn 



rnge Dumber of fret p«r 
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The engine being undentood to be in regular and uniform operation, the total 
redstance of the i»8ton will be equal to the total pressure of the steam upon it ; and 
the renstanoe of the piston per square inch of surface will therefore be equal to the 
piwsare of the steam in the cylinder per square inch of surface. These terms, 
therefiire^ may be taken as synonymous. In general, the term pressure of steam is 
mdentood to mean pressure per square inch. 

The 3rd eolunm in Table II., which is giTen as expressing the number of cubic 
indiei of steam of a giyen pressure produced by the eraporation of a cubic inch of 
water, will equally express the number of cubic feet of steam produced by a cubic 
foot of water, or, in general, the ratio of the Tolume of steam to the rolume of water 
from whieh it ia prodnoed. 

QuvnoN IIL — Giren the power of the boiler, the pressure of the steam in the 
eylinder, and the speed of the piston, to find the diameter. 

Bulb 3. — In the first column of Table II. find the given pressure ; the correspond- 
ing number in the third column is the ratio of the Tolume of such steam to the 
tohime of water which produced it. Multiply the power of the boiler by such 
number, and the product will be the number of cubic feet of steam per hour which 
pass through the cylinder, which, diyided by 60, gives the number of cubic feet per 
minute which pass through the cylinder. Divide this by the speed of the piston 
eipres e c d in feet per minute, and the quotient will be the area of the piston expressed 
in square feet. Multiply this by 144, and the product will be the area of the piston 
exprcaaod in square inches. Find this number, or the nearest to it, in the second 
column of Table I., and the corresponding number in the first column will be the 
x»an^f^Mw of the piston in inches. 

BzAXPLX. — A boiler evaporates 55 cubic feet of water per hour. The pressure of 
sUam in the cylinder is 20 lbs. per square inch. What must be the diameter of the 
cylinder, so as to give the piston a speed of 200 feet per minute ? 

By reference to the first column of Table II. we find, opposite the pressure of 20 lbs. 

in the first column, 1281 in the third column. 

Multiply 1281 by 55 : 

1281 
55 



Divide this by 60 : 



Divide this by 200 : 



MnHipIythi8byl44: 



70455 

60)70455 
1174-25 

200)1174-25 
5-8712 

6-8712 
144 



845-4528 



In the second column of Table I. we find 842*89 opposite 32] in. or 32}} in., and 
848-83 opposite 3S) or 32^. 

If, then, we take a mean between these, we may assume the diameter of the 
eylinder lequixed to be 32g inches. 

QirwnoK IV. — Oiyen the diameter of the piston in inches, the total resistance it 
opposes to the moving power, and its speed, to find the power of the boiler. 

RuLi 4.— Find in the first column of Table I. the given diameter. The cor- 
responding number in the second column will be the area in square inches. Divide 
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the total resistance of the piston by this number, and the quotient will be the 
resistance per sqnare inch, or the pressure of the steam. Find this pressure in the 
first column of Table II., and the corresponding number in the third column will be 
the ratio of the Tolume of steam to the Tolume of water which produces it. The 
Yolume of steam will be found by Rule 2. Let this column be divided by the 
number obtained as abore from Table 11. , and the quotient will be the power of the 
boiler. 

Example. — It is required to find how many cubic feet of water per hour the boHer 
must evaporate to drive a piston of 84 inches diameter, at the rate of 200 feet per 
minate, against a gross resistance of 18,000 lbs. 

Opposite 34 in the first column of Table I. we find in the second column 907' 92. 

Divide 18,000 by 907*92 : 

907-92)18000 

Looking in the first column of Table II., the nearest number to 19*8 is 20, opponte 
to which, in the third column, we find 1281. 
By Bule 1, we find the area of the piston to be in square feet 

144)907-92 



6-305 



By Bule 2, multiply this by 200 



6-305 
200 



1261 



Multiply this by 60 : 



Divide this by 1281 



1261 
60 

75660 

1281)76660 
59-06 



The boiler must therefore evaporate 69 cubic feet of water per hour. 
QuKSTioN V. — Given the power of the boiler, the diameter of the piston and its 
speed, to find the pressure of steam upon the piston, or, what is the same, its 
resistance per square inch. 

Rule 5. — By Rules 1 and 2, find the number of cubic feet of steam per hour 
which pass through the cylinder. Divide this by the power of the boiler, and the 
quotient will be the number of cubic inches of steam which would be produced by a 
cubic inch of water. Find this number, or the nearest to it, in the third column of 
Table II., and the corresponding number in the first column will be the pressure 
of steam in the cylinder, or the resistance of the piston per square inch. 

Example. — What total resistance per square inch will a 85-inch piston, supplied by 
a boiler evaporating 55 cubic feet an hour, drive at the rate of 200 feet per minute ? 

In Rules 1 and 2, we find the number of cubic feet which pass through the ^linder 
as follows : the diameter of the piston being 35 inches, we find by Table I. that its 
area is 962-11 square inches ; and by Rule 1, that this is equal to 6 '68 square feet. 
Multiplying this by 200, by Rule 2, it gives the product 1336, which, multiplied by 
60, gives 80,160 as the number of cubic feet of steam which pass through the 
cylinder per hour. Divide this by 55, and we find the quotient 1457 Looking in 
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tlu thiid eolumii of Table 11, we find the number 148S oppoute 17, and llll 
opposiU 18. Ttkiog ■ tama b«t<*««a «lii«h, ire m«; vmuae the reqaired ptesBiire 
to ba n\ fto. per aqDus inch. 

<ingnam TI. — QiTcn th« powerof the bcnler, the preunre of iteun in the cylinder, 
and the diuneter of the {nslon, to find iti apeod. 
Sna 6. — In lliB fint oolamn of Table II. find the girea remitanee or presinre : 
tbe oomtpondiDg aomber in tbe third oolanui, multiplied bj the power of the 
boiler, viU giro the anmhei of cnbic feet of eteam per hour wtiich pass through 
tb ejlinder. DWide ttii« b; the ireft of the piiton in Bqoare feet, found b; Bale 1, 
ud the qnotieot will be the ipeed of the piatou in feet per bonr, which, divided by 
eo, will betbe (peed of the piHton. 

ExA>FL>. — With wE^at ipeed will a 36-Ineh piston be driTen agsinet a reaistanee of 
SOIba. per square ineb bf a boiler which eTipoTalee 56 cubic feet of water per hoar T 
Oppoaite to 20 in the fint oolamn of Table 11. we find, in the thinl colamn, 12S1. 
UnltipIjUiiabTGe: 

I3S1 
G3 
71736 
re find that the area of the piston in aquftre feet is 6'flS. 

fl-e8)7173B 
10739 
Kride tUa hj 80, »Dd the quotient, 179, vei7 ncArly, will be the speed of the 



BrBolel, 1 
OiTiden7SSb;«-S8: 



BKTios xxvn.- 

Tha following diagrama acd deacriptioaB of the principal parte of iteam engine*, 
■kieh bare been explained in general teimi in the preceding aectioni, will render the 
piinciplea which gorcm the operation and rtructure of these machinea atill more 
iimxij and eMilf nndenlood. 



Thia gauge ii «mrtrBCl*d in varioai BwomeUr 0»uii 
(bima. In the anneitd figure the ciitera a 
rantuna meicDtj ; . the barometer tube is 
iBBiened in it, and (be top of the tab«, 
fonned into a aiphon, communicates with 
the condenMr; a itop-cock p being plued 
between them ao aa to open or close the 
eonunanicktion at pleaimre. 



Tha aSMnd flgnra ia another form, inwhich 
the barometer la a aiphon, like the aleam 
piBga. The tabe and atop-eock f eommu- 
lucal« with the eoDdanaar, and the other leg 
of tha nplioa ia open to the atmosphere. 
A ^Ab, alopped bj a aerew q, ia placed in 
eoe of ^ l^a ; meren>7 being ponred in 
it (he other leg, tha nphon ia filled until 
the mraeary begina to flow from the hole q. 
The flmd then will itand at the same lerel 
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■topped, and the stop-coek r opened, the opperpart pi; of thetabe »ill be filled 
with the nncondeniMd vapour of the condeDser, vhich will of conne preaa upoiL the 
colamn of mefcur; in the lypLon. 

Tbo other It^ of the siphon x', bong open to the abnosphere, vill be subject to 
the ulmospheric preuare ; and the colnmn of merenr; in the leg pii, vhich ia kbOTe 
the level x', wilt represent the eicen of the preunre of the atmosphere above the 
presaure of the uncandensed steam, which is the indieatioD the baremetei gange la 
required to gire. 

This eiphon being made of iioii, a float is placed on the mercnrj at i', haying a rod, 
at the top of which is an index, which plajrs npon ■ scale so 
grodnated as to express the difference of level of the nwicnry in 
the tvo legs of the siphon . 

Id the annexed £gare is represented the glass water gauge 
described in the text Ita eommimicationB wiiii the boilai are 
opened and closed at pleasure by the cocks r. When the oocks 
r are both open, the upper end of (he tube a is in fr«e commn- 
nieation with the upper part of the boiler where steam is ftiO' 
tained, and llie lower end of the tube a is in commaiueBtian 
with the lower part of the boiler where water is eootaJned. 

Water eoteiB below and ateam above, and as the pnasara in 
the gauga tube Is the (ame as the pressure in the boiler, the 
level of the water in the tube will be the same as the lerel of 
the water in the boiler. At the bottom of the tube is ploosd 
a Btop-cock I, for the ocoaiional discharge of water tatax Uie 
lube. 




In the following figure is reprewnted the safetj valve, as used in high-pieMon 
Qgines. The couical valve is represented io ita aeal, its spindle ■ being pressed down 
t A b; the lever b a o. a is a fixed pivot, on which the lever pUjs. The pi«nua 




on the spindle of the valve at a isproduoed by a oat at b, 

which pressea that end of the lever downwards. This sot 

works upon a screw, wliict screw is attacked to a spring 

balance L, the tower end of which is firmi; attached to a fixed 

point p. The cut at n ma; be turned ao as to suhmit tha 

valve to on; pressure within the limit of the action of the spring 

balance. As the nut ia turned, the spring becomes more aod 

An index and scale are attached to the balance, the scale'being so 

divided OB to express the number of poiuids per square inch b; which the valve is 

o ita scat. Thus, if the nnt b bo turned until the index ahows the pies- 
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nra of 50 9»., then the force oa the ralre will be >t tbe rate ot G0B>9. per Bqa&re 
bch, vid the itetun wlU be cooSoed ia the boiler astll it hu attained a^oh presame : 
■ben the preaare exoeedi that limit, the leier at B will, bj the action of the steam 
en the Talre, pnu the nut npvardi with & force greater than the eoergy of tbe 
firing, and the spring will conieqaentl; be further comprewed, tts valve at the 
WDM lime opening and allowing the escape of the steam. 

Tltere ii nDthing in the principle of this tkItb enentinll; different from tbe comman 
eefe^ tkItc, direotl; loaded with a weight ; bat in boilers where high preunrei are 
ond, the qnanUly ot wdght which it woald be necessary to pines on tbe valve woold 
be iaeonrenient. A eamparatively small force, holding B dowoivards, will produce a 
■oltiplied effect at a, in tbe proportion of the length of tbe lever no to * a. Thna, 
if B a be 20 times a o, a force of 5 lbs. at a will prodace 100 His. at ^ 



This little inatnunent, already described in (be text, will be renJered m 
ligible bj the annexed diagram ; Gg. 1 repre- 
smliDg ft front riew in eection, and fig. 2 a side 
elevation. The rod attAched to the piston plays 
throngh a collar at a. At t is a peacil-bolder. 
At ( ii a Krsw by which the instmment is 
taknrted in a hole provided for It in the top of 
the cylinder. At il is a stop-cock, by which 
a aommoDicatioa may be opened or ihnt at 
ptcMnre between the indiestor and the cylinder. 
The jriaton-red of the indicator is sarrounded by 
a apiral apring, the lower extremity of which is 
attached to the ^aton and the upper extremity to 
1 fixed pieca a, eonlaining the bole through which 
tbo piatoB-rod playa When the piston rises, 
tbe QViDg ia compreaed ; and when it &1Ib, the 
ipring ia extended. The spring is in egaiii&rio 
■hen tbe piston i» at the middle of the cylinder, 
ind tbe spaoB throagh which it rises and falls 
h, from the known properties of this species of 
qpnoA proportional to the force which presses 
Ike pston opwards or downwards. When both 
txtremittea of the ojlinder are open lo tbe atmosphere, the spring is at rest, and 
Iks inston in the middle of tbe cylinder ; bnt when steam is allowed to pass from the 
eyUnder to the indicator, by opening the stop-cock d, such steam will press the pisloa 
^waida, and cempren the spring with a force eqaal to the excess of the pressure of 
Ihe steam above that of the atmosphere. When, on tbe other band, a Tacunm is 
pndnced in tbe oylinder by the condensation of the steam, the same Tacunm will be 
prodoeed nnder tbe piston in the indicator, and the piston will be forced downwards 
bj tta exeeea of the preuure of tho atntosphere above that of tbe uncondeused 
laponr in the cylinder. 

If an index were pbusd near the eitremily of tbe piston-rod t, the pencil, ascend- 
ing and dMcending oa this index, would indicate by the space through which it 
WDuhl ascend the eiceae of the pressure of tbe steam over that of tbe atmosphere, 
ud by the spaee tbiwogh which it would descend the excess of tbe pressure of the 
r that of tbe uucondensed vapour. Bath spaces added t'sether, or 
e jJay of the piston, would therefore indicate the excess of tbe pressure of 
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Hit Bteam above Uie presim-e of the nncoiuleiiBed Tipocr which kubU it, lai vonLl 

therefbra indicate tlie effective force of the piiton, ezclnldve of (iiction. 

But u tlie pUtOQ of the indicator wonld b« in npid uid eontiaaed motion, It 
would not be eu; to obeerve and record the limits of iU pUi;, and itill more difficult 
to note the lapiditj of ita motion. An ingenioae expedient waa therefore contrived 
to enable the engine itself to record these eSecta, which caaverted the indicator into & 
Klfr^iatering instmrnent. A small sqaars &ame a b was constructed, the breadtii 
of which was somowhat greater than the extreme pla; of the piston of the indicator. 
Id it was placed a card, capable of sliding in a horizontal direcUoo in groovct ; a 
string t was bstened to the side of the card, and passing ander a palle;r, was earti«d 
upwards towarda (, and attached to some part of the machinery which rises Mid 
falls with the piston of the engine. Another string / was attached to the other side 
of the cord, and carried over a paUej and lied to a small weight w. When the 
^stoD riaei, the striig t is drawn to the left, the card drawn in the same direetion, 
•nd the wdght w rises. When the piston falls, the weight w, acting on the string /, 
draws the card to the right. 

Thus, as the piston i^ses and &lls, the card is drawn altematelf ttirongh a otrWik 
■pace left and right. 

Let ns now suppose steam admitted above tha piston of the eapaa, ynmiog tha 
[oston down ; tiiis steam preases the piston of the indicator up, and the pendl I, pain- 
ing on the card, woold, if the card were at rest, mark upon it a straight Iin(^ the 
length of which would indicate the premre of the steam ; but a* the card is drawn 
from led to right wliiie the piston falls, the piston will describe npon it • mrva bf 
the combined effects of the vertical motion of the poioil and tlie horisontal motico 
of the card. Ihe auddcaness of the cuivatnTe thns.deaoribed will indicate ths 
rapidity of the action of the steam on the pittoa. 

When the [uslon boa reached the bottom of the cylinder, and the npper axhanttiiig 
valve is opened, a vacuum is produced in the cylinder, which vaeoom eitaida to tlie 
indicator, the piston of which therefore descends, the pencil t descending at the stuna 
time and at the game rate. White this takes place the card is moved &oai tight to 
left, and a corresponding cnrve described npon it by the pencnl, the enrvature of 
which will indicate the suddenness with which the vacuum is produced, as wdl as ita 
degree of perfection. 

Prom what has been slated it will appear, that in a single ascent and descttit at 
the iHslon, or in one stroke, as it is technically called, a diagram will be formed npon 
^ the cord, which win 

exhibit not oiJ<r tha 
entire mechomcal efieot 
of the steam acting tn 
one side against the 
nncondensed vapour on 
the other, but will diew 



ita progressive aotion 
at every point of tha 
stroke. Sacb a diagram 

is exhibited in the an- 
nexed Ggoie. let ox be a horisontal line. Let or be thi vertdcal scale which 
measuTta the pleasure of the steam according to the movement of the indiealor. 
Let o be the level to which the pendl would be depteued, if there were a 
parfiset laenun In the cylinder ; then the height of the pencil at any moment above 
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the lerel of tbe boris«ntal line o x will indicate the absolute pressure of the steam in 
the cylinder, independently of any consideration of the pressure of the atmosphere. 
Let A be the position of the pencil at the moment steam ib admitted aboTe the piston. 
By the action of the steam the pendl will suddenly start up to b, and after the piston 
has commenced its action, it will rise a little higher, the card meanwhile being drawn 
to the left. The line will be traced on the card by these means, as represented at 
B mm' and m". As the piston approaches the bottom of the cylinder, if the steam be 
ont off before the completion of the stroke, the pressure will diminish, and from o to s 
the pencil will fall. Lot b be its position at the end of the stroke, the card being 
understood to be moTod from right to left through the space p q during the stroke. 
We may oooaider this motion of the card as representing the motion of the piston, 
with which it is simultaneous and proportionate. At the commencement of the stroke, 
the hei|^t ▲ p of the pencil aboTC o x represents the pressure of the uncondensed 
Tapour which was then above the piston ; the height b p represents the pressure of the 
steam immediately on its admission ; the height mp represents its nearly uniform 
preMure throughout the former half of the stroke ; and the decreasing height of the 
eurre from o to ■, above the line o x, represents the decreasing pressure of the steam 
througboat the remainder of the stroke. E Q represents the pressure of the steam at 
the termination of the stroke. 

The piston now commences its ascent. The upper exhausting Talve being opened, 
and the steam allowed to flow to the condenser, according as it ia condensed a 
Taeniim is formed while the piston is rising, and while the card is moved back from 
left to right umder the penciL Starting from b, the pencil begins to taM, and Mia 
more and more as the vacuum becomes more perfect. At a the vacuum attains ita 
siost perfect state, and the line from o towards a continues nearly horizontal, its 
height above o x representing the nearly uniform pressure of the uncondensed 
steam ; but just before the termination of the stroke the steam is admitted from 
the boiler, and the pencil rises to A. The height of the curve s o a at every point 
represents the varying pressure of the uncondensed vapour which resists the ascent of 
the piston. 

Now although that portion of the curve below the line A s represents the state of 
the vacuum above the piston during its ascent, it may be taken to represent the state 
of the vacuum below the piston in its descent, for the same circumstances which 
liEeet one equally affect the other ; and we may consider the diagram generally as 
rtpreaenting not only the pressure of the steam which urges the piston downwards, 
hut also that of the uncondensed vapour which resists its descent. 

It appears then that the varying heights of the points of the upper curve 
bob represent the varying pressures on the piston during its descent ; and the 
average pressure upon the piston may be obtained by taking the average of these 
heights. 

In like manner, the heights of the lower curve A a b niay be taken to represent 
the varying pressures or resistances of the uncondensed vapour under the piston 
daring its descent ; and the average of all these heights will give the average of such 
renBtanoefl. If then we subtract the averagid of these resistances, represented by the 
lower curve, from the average of the pressures represented by the upper curve, we 
shall obtain the effective pressure of the steam in urging the piston. 

However accurately such an instrument as this may be constructed, it must be 
admitted that it cannot be depended on as affording any exact measure of the power 
of the piston. Its chief value, as stated in the text, is the indication it affords of the 
degree of perfection of the vacuum and of the suddenness of its formation. The curve 
S Q should £aU to its least height speedily. It is not until it attains its least height 



484 STEAM ENGINE. 

tluit the raeaam boa attaioed its grMleBt perTocUon. Fn tha ml, (he ii«e of tli* 

fficientlj expl^ned la the text. 




Pig. 1 represents in section the cyliniler, piBton, oud slide : s 
ii the moDth oF the steam pipe, coming from the boiler ; e a the 
pipe leading to the condenaet; l U the rod jvhicb is attached 
to the slide, moTing throngh a BtnffiDg-boi m n. This slide i 
ia longitudinal secUon, cepBrat«1j, in fig. 3, and in tiunsvene Bectiou in Bg. 4. 
In the position of the slide represented in Eg. 1, the steam psuing fVnm the 
boiler eaten at 8, and passes to the bottom of the cylinder throngh the opening A, 
ftnd ads belov the piston, caasing it to lucend. The i>team which was abore tlw 
piBt«n escapes throngh the opening at n, and descending through a tongitudinaJ opea- 
ing in the slide behind the mouth of the eteam pipe, finds its vaj to the gnpa t, and 
through that to the coadenser. 

When the pistoa has reached the top of the cj'linder, the slide will bare bem 
moved to the position represented in fig. 2. The steam now entering at a faae* 
through the opening a into the cylinder abore the piston, while the steam which was 
below it escapes through the opening b and tbe pipe t to the condenser. 

The form of the talTe, from which it derives lis name of D-yaire, is represented in 
Bg. 4. The longitudinal opening throagh which the steam descends theu appears in 
notion of a semicircular form. The packing at the back of the slide ii 
at ti Uiis is pressed against tbe surface of the ralrc box. 
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SBOTIOir I. — BELATION BETWEEN THE WEIGHT OF FUEL AKD THE HEAT 

WHICH IT OEMERATES. 

The problem of measuring the heat evolred ia the combinatioa of bodies is one of 
essential importance in connection with many of the arts of life, and has accordingly 
reoeiTod the attention of distingnished scientific men. CouDt Bum ford, Crawford, 
Watt, Black, Lavoisier, Dalton, M. Despretz, M. Dnloog, M. Hess, M. Arago, Berzelins, 
Dr. Ure, are amoDgst the names of those who have devoted themselves to the inquiry. 
The results of the earlier experiments must be regarded as approximations towards 
the more precise data which have been within the last few years obtained ; and the 
oooelusioiis derived by the first labourers in this branch of science have consequently 
undergone considerable modification. 

The experiments of M. Dulong, and of others subsequently, especially those of 
If. Hess, and of Br. Andrews of Belfast, appear to have been condacted with the 
greatest accuracy, and with those precautions, as regards the arrangement of the appa- 
ratus the mode oC manipulation, and the reduction of the observations, which are 
indispensable to insure correct and consistent results. 

These experiments may be considered as establishing the following general oon- 
elusions, t 

2%e quantity of heat disengaged hg different substances is very different. 

Hydrogen, for instance, produces about four times the heat derived from an equal 
weight of carbon, and fourteen times the heat from an equal weight of sulphur, in 
the act of combining with oxygen. The observations of the earlier inquirers, including 
some by Bespretz, indicated a constant relation between the weight of oxygen which 
entered into combination with the burning fuel and the heat that was evolved ; in 
other words, that a pound of oxygen would generate in each case the same quantity 
of heat^ whether in combining with hydrogen, carbon, alcohol, ether, or other com- 
bustibles. This conclusion, which would not be inconsistent vrith the law expressed/ 
inasmuch as the combining proportions of oxygen and combustible bodies differ 
greatly for different bodies, is, however, not supported by later experiments. 

The quantities of heat evotved are {nearly) the same for the same substance, no 
matter at whcU temperature it bums. 

From this law it follows, that the rate at which combustion may proceed does not 
affiset the quantity of heat produced by a given weight of fuel. The rate of combus- 
tion is proportional to the temperature excited and to the supply of oxygen delirered. 

A pound of carbon generates precisely the same quantity of heat, whether it is burnt 
with rapidity in an intensely heated furnance, under the influence of a powerful blast| 
or whethCT it is consumed slowly in an Amott^s stove, wherein the supply of oxygen 
iB parposely limited, in order to moderate the intensity of the heat, and prolong the 
duration of the effect. 

Some engineers have believed thai the greatest economy in fuel is obtained in 
eases of very slow combustion, and this mode of applying hciit has been adopted with 
apparent advantage in the so-called *' Ck>rnish boilers ; " but if the fact be so, for which 
reasonable doubt exists, the cause is owing partly to the retention of the heat for a 

* Extracted from "Observations on the Consumption of Fuel and the Evaporation of Water 
in Locomotive and other Steam Engines.'* By Edward Woods, i^., C.E. 
t 8o<j •* PbiL Mag./' July, 1841 : " Summary of Discoveries on the Heating Powers of Bodies." 
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longer time in the spaces around the boiler, and thereby increasbg the ratio of the 
heat absorbed by the boiler to the heat which escapes up the chimney ; and partly, 
perhaps, also, with certain descriptions of coal, to their inability to withstand an 
intense heat very suddenly applied, without undergomg a change of form which is 
nnfayourable to a complete combustion. 

The quantities of heat evolved by carbon and hydrogen, as ascertained by Dr. An- 
drews,* whose results accord very closely with those of M. Dulong, are aa follows : 

1 gramme carbon evolves 7900 (French) onits of heat. 
1 do. hydrogen „ 83808 ditto. 

The unit they adopt is the amount of heat required to raise, through one degree 
centigrade, one gramme of water at the temperature at which the experiment is per- 
formed, t 

Reducing the results to English weights and measures, and taking the onit as the 
amount of heat required to raise through one degree Fahrenheit one avoirdupois pound 
of water at the temperature of the experiments, we find that in combining with oxygen 

1 pound of carbon evolves 14220 (English) units of heat. 
1 do. of hydrogen „ 60854 ditto. 

These amounts of heat, applied to the evaporation of water already raised to the 
temperature of 212^ Fahrenheit, assuming that the latent heat of steam of the same 
temperature is 972", would produce the following effects : 

1 pound of carbon will evaporate 14*6 pounds water from 212** Fahr. 
1 do. of hydrogen ,, 62*6 do.ij: 

These numbers may be therefore taken to express the highest § duty which the 
above-named elementary substances, in their purest state, can possibly acoompliahy 
supposing the entire heat disengaged to be communicated to the water, and none lost 
by external radiation and conduction. 

The duty expressed by the above numbers we shall term the "theoretical" duty of 
the fuel in evolving heat, not using the word to denote an effect not yet ascertained in 
^ct, but by way of contrast to the effective working duty of fuel as used in common 
practice. 



♦ " Phil. Mag." Aug. Sept. 1844. 

t Tabic of Remits of Dr. Andrew' Sxpmments on otJiei' SuManat. C Phil. Mag.** Aug. 

Sept. 1844. 



gramme carbonic oxido .... evolves 2431 units of heat. 

do. marsh gas „ 13108 do. 

do. olefiantgas „ 11942 do. 

do. alcohol(sp.gr. 7959) at 59* Fahrenheit „ 6850 do. 

do. sulphur „ 2307 do. 

do. phosphorus „ 6747 do. 

do. zinc „ 1301 do. 

1 gramme (French) = '0022060G lbs. avoirdupois. 
100 degrees contigrade= 180 degrees Fahrenheit 



X 14220 units 4- 972* = 146. 
60854 do. -T- 972* = 62 6. 

I The iMcond measure of heat, here adopted, is a common and convenient one ; but it may 
be necessary to explain that it supposes the heat imparted to the water to be directly and 
entirely caxrled off in the steam and lost, and by no means involves the proposition, that luuiar 
oartatn other circumstances,— as for instance when the heat of steam evaporated in one stago 
of the prooeei is applied to the evaporation of water in a subsequent stage,— the duty of fliel 
Onaoi be liifBrsased beyond the numbers here given. 
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It IB almost snperflaons to state, tbat the necessary conditions for obtaining the 
" theoretical " duty, as regards the purity of the fuel and the prevention of extraneooa 
dispersion of heat^ can only be fulfilled approximately ; but it is neyertheless im- 
portant to know the ultimate limit of duty, in order to be able to compare it with 
the actual working duty in each case of the application of fuel in the furnace. The 
difference will render manifest the amount by which the working duty falls short of 
the theoretical, and the proportion between the one and the other will be the true 
measure of the degree of perfection attained in any given boiler and furnace. 

The heat evolved in the comhuetion of certain of the compound gases is the same 
{nearly) as that evolved in the comlmstion of their constituents separately. 

This law * holds good in regard to the gases compounded of carbon and hydrogen. 
Such, in fact) are the gases distilled from bituminous coal when exposed to a red heat. 
Let us apply the law to the cases of light carburetted hydrogen and olefiant gas. 

Light carburetted hydrogen is composed of 

Carbon 1 equivalent; weight =6*12 

Hydrogen 2 do. do. =2*00 

Light carb. hydrogen ... 1 equivalent; weight =8*12 
Suppoaing the elements to be burnt separately, 

The carbon would produce 48348 units heat = 7900 x 6*12 
The hydrogen „ 67616 do. = 83808 x 2 

115964 do. 

vhidi number, divided by the weight 8*12, gives a quotient of 14281 units of heat 
for each gramme of the compound. 

The heat resulting from the combustion of light carburetted hydrogen is in fact 
(see Table, page 486) 13108 units. 

In the case of olefiant gas the agreement is closer. Olefiant gas is composed of 

Carbon 4 equivalents; weight 24*48 

Hydrogen 4 do. do. 4*00 

Olefiant gas 1 do. do. 28*48 

Supposing the elements to be burnt separately. 

The carbon would produce 193392 units of heat. 
The hydrogen „ 135232 do. 

328624 do. 

vhieh number, divided by the weight 28*48, gives a quotient of 11589 units of heat 
for each gramme of the compound. 

The oombusUon of 1 gramme of olefiant gas produces (see Table, page 486) 11942 
uniti of heat. 

From the above considerations it would at first sight appear probable that the 
Wting duty of fuel is equal (nearly) to the sum of the separate duties of its con- 
•titaent combustible elements, supposing these to be folly oxidised ; and that when 
the oompontton of any given coal or coke is known, its theoretical value in generating 
heat could be assigned accordingly. But it so happens that the elements out of which 
tlie gMeout combustible products of coal are formed exist in coal in the solid state^ 



* The corraspondence may be concoived to be the closest when tiie constituent gases^ in 
wmWnfag, nsiwer set free nor bind any heat. 
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and require for their conyersion into the gaseous state, and before they are in the 
condition themseWes to burn and evolve beat, a large quantity of beat derived from 
the previous combustion of other parts of the fuel. The quantity of heat thiui 
abstracted has never been accurately ascertained, but is supposed, on a rough com- 
putition, to amount to little less than the heat afterwards evolved in the oombustioii 
of the gas. It has accordingly been oflen remarked that those coals which contain 
the least gas are practically the strongest. 

In the absence of direct experiment, we arc perhaps not justified in assuming that 
the heating value of any description of coal containing hydrogen exceeds that of the 
carbon it contains. 

Upon this assumption, the following rule for the heating value of fuel will apply : 

Multiply the weight (in lbs.) of carbon in the fuel by 14*6, and divide the product 
by the weight of the fuel in lbs. : the quotient is the theoretical heating power of 
1 lb. of the fuel. 

Thus, for instance, to take the best Newcastle caking coal, which on an average of 
sped lu ens was found by Mr. Richardson (see *'Fhil. Mag." 1838, vol. xiiL p. 121). 

88-0 carbon. 
5*2 hydrogen. 
5 '4 azote and oxygen. 
1*4 ashes. 



100-0 
Carbon 88 x 14*6 = 1284-8 

Theoretical duty of 1 ft. of dry coal is equal to 12*84 Its. water evaporated from 
21 2"* Fahrenheit. 

When it is considered that even iu the same mines the quality of the coal varies 
materially, and that, comparing the bituminous coals obtained from different mines, 
the proportion of carbon langes from GO, or even less, to 88 per cent., and the 
quantity of ashes from 1 to 15 per cent, and upwards, it is obvious that no constant 
expression of the value can be assumed, but that it is necessary in each case to ascer- 
tain the specific composition and assign the duty. 

We shall hereafter inquire how far the theoretical and working duties differ, and 
explain some of the causes of the difference. 

Relation bettceen Mechanical Force and the Heat which produces it. 

One of the most important and interesting inquiries relative to the steam engine 
is that which traces the connection between the heat expended and the force 
produced. 

The method of separate condensation discovered by Watt, — the application by 
Woolf and Homblower of the force of expanding steam, — occasioned an important 
change in the relation of heat to power, and increased in a remarkable manner the 
dynamical value of fuel. 

There are no sufficient grounds for concluding that the improvements in the steam 
engine subsequently made, and extending even down to the present time, have 
reached the highest point of the scale. On the contrary, there is strong evidence of 
the existence of a margin in the field of economy, in the working duty of fuel, ample 
enough to occupy the husbandry of many labourers for some time to oome, and 
holding out the prospect of a good return. 

The recent inquiries of some scientific men, whose attention has been engaged on 
the subject of the relation between heat and the mechanical effects it producea, have 
resulted in the discovery of the principle, that the action qf a given amowU of kealL 
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may le npretented hy a constant meckanical work performed ; that is to say, by the 
eleration of a determinate weight through a determinate height. 

Tliii constant of work for the unit of heat has been termed * the mechanical 
tqfmvaUiU ofheaif* and expresses the maximum limit of daty which, on the assump- 
tioB of the tmth of the aboTe-named principle, that unit of heat can possibly 
perform* 

It baa been shown that^ through whaterer medium or carrier the mechanical work 
of heat may be dereloped or oonyeyed, whether by means of the vapour of water 
or other liijaids, or by means of atmospheric air or other gaseous matter, the same 
amount of work is inyariably the result. 

This constant of work is many times greater than the work hitherto obtained from 
the best eondensing expansiTo engines. 

H. Clapeyron, in his treatise on the moTiog power of heat, and M. Holtzmann of 
Hanheim, who availed himself of the labours of M. Clapeyron and M. Gamot in the 
nme field, grounding their iuTestigations on the receiyed laws of Boyle or Mariotte, 
and Gay-Lussac, which express the observed relation of heat, tension, and yolume in 
■team and other gaseous matter, have by theoretical inquiry arrived at the conclusion 
that^ 

The mechanical equivalent of the quantity of heat capable of increasing the 
temperature of 1 lb. of water by one degree of Fahrenheit*s scale is a mechanical 
force capable of raising a weight between the limits of 626 lbs. and 782 lbs. one foot 
high. 

Mr. Joule, of Manchester, proceeding by entirely different, and independent, and 
m &et purely experimental methods, concludes that the mechanical equivalent of heat 
may be taken at 782 lbs. raised one foot. 

The mode of investigation pursued by the continental philosophers, especially by 
tf. Holtzmann,* may be thus briefly explained. 

They suppose a given weight of steam, or gaseous matter, to be contained in a 
vertical cylinder formed of non-conducting material, in which is fitted an air- tight 
hot freely moving piston. This piston is pressed downwards by a weight equal to 
the pressure or tension of the steam or gas. The weight, initial temperature, pres- 
luxe, and volume being known, a definite quantity of heat from without is supposed 
to be imparted to the vapour. 

The result will be partly an elevation of the temperature of the vapour, and partly 
in inereaae of volume, or, in other words, a motion of matter, the pressure or tension 
remaining the same. 

But the result may be represented simply and solely by a motion of the matter 
(dictation). For this purpose it is only necessary to allow the vapour to dilate 
vithout any loss of its original or imparted heat until it re-acquires its initial tem- 
perature. 

In this ease the final effect is simply dilatation of the vapour under the subsisting 
prennre ; and the mechanical work done is represented by the product of that pres- 
nre into the space through which it has been made to recede. 

Mr. Joule's estimate of the mechanical equivalent of heat is derived from three 
distinct classes of experiments. 

Ist. From the calorific effects of magneto-electricity. ('Phil. Mag.' 184.3, vol. 
xxiiL p. 263.) 

This method is to revolve a small compound electro-magnet, immcrecd in a glass 

• • Cber die Wlrmo \md Elasticitfit dcr Gaec und Dlmi-fcu.' Von C. IIoltmumD. Manhciin, 
1845. 

TOL. ni. K K 
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Tessel containing water, between the poles of a powerful magnet ; to measure tke 
electricity thence arising by an accurate galTanometer ; to ascertain the calorific effeei 
of the coil of the electro-magnet by the change of temperature in the water Borromidiiig 
it Ilcat is proved to be generated by the machine, and its mechanical effect is 
measured by the motion of such weights as by their descent are sufficient to keep the 
macliloe in motion at any assigned Telocity. 

2ndly. From the changes of temperature produced by the rare&ction and con- 
densation of air. (*PhU. Mag.,' 1845, toI. xxti., p. 369.) 
In this case, the mechanical force producing compression being known, the heat 
resulting was measured by observing the changes of temperature of the water in which 
the condensing apparatus was immersed. 

3rdly. From the heat evolved by the friction of fluids. (* PhiL Mag.,' 1847, roL 
xxxi., p. 173.) 
A brass paddle-wheel, in a copper can containing the fluid, was made to revolve by 
descending weights. Sperm oil and water as the fluids gave the same results. 
The mechanical equivalent of the unit of heat was — 

As assigned by the 1st method, 838 lbs. raised 1 foot. 
,, 2nd do. 795 lbs. do. 

,, 3rd do. 782 lbs. do. 

Mr. Joule considers the last method as likely to give a more accurate result than 
either of the two former ; and it is remarkable that the equivalent given by the third 
method, viz., 782 R)8., should be identical with the major limit assigned by 
Holtzmann. 

We shall, however, prefer to take the mean adopted by Holtzmann, and to oonnder 
the mechanical equivalent of the unit of heat as represented by a veight o/ 682 lbs. 
lifted one foot high ; the unit of heat being the quantity required to raise the tem- 
perature of a pound avoirdupois of water one degree Fahrenheit. 

The Working Duty of Fuel as regards the Production of Steam, 

It has been shewn that the amounts of heat obtainable from carbon and hydrogen 
respectively are such as in the case of the combustion of 

1 lb. of carbon would suffice to evaporate 14 6 Rw. of water from 212° ; 

and in that of the combustion of 

lib. of hydrogen would suffice to evaporate 62*6 lbs. of water from 212° ; 
but that the effect of any heat given out by the combustion of the hydrogen is in great 
measure neutralised by the absorption of heat necessary to volatilise the hydrogen 
and it has been observed that such results are not attainable in practice, in consequence 
of the diversion of the heat evolved into other channels than those which conduct it 
directly into the water. To this may be added, that in the common instances o 
so-called combustion, the combustion is only partial, a portion of the fuel being dissi- 
pated without undergoing combustion at all. 

Whatever difference may be found practically to exist between the actual and the 
theoretical duty of the fuel consumed under any given boiler, or given system of firing 
may be assigned to one or other of the above causes ; and in the comparison of different 
boilers or modes of firing, the amounts of difference, as expressed by the ratios between 
the actual and theoretical duties, would constitute a scale by which the commercial 
value of any particular apparatus or system of firing can be tested. 

In the Cornish boiler a duty equal to 10*29 lbs.* water, evaporated from the tem- 
perature of 212°, has been obtained from 1 lb. of coal. 



• Beport on the Coals suited to the Stoam Navy. By Sir H. Do La Beche and Dr. Lyon FLaylUr. 
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In the eylindrieal boilen used in the mann&ctnring diBtrict of Manchester, the 
daty does not appear to exceed 7 lbs. water CTaporated from 212*" by 1 lb. of coaL 

In the locomotive boiler it has been fonnd, on the average of an extensive series of 
experiments on the engines of the Liverpool and Manchester Railway, that the daty of 
1 lb. of Hnlton or Worsley ooke is equal to the evaporation of 8 J lbs. water from the 
temperature of 212*. 

In the larger engines of the Great Western Railway nearly the same duty is obtained. 
Mr. (}oocb* states that their last-constmcted engines (the area or tnbe surface being 
from ten to eleven times the area of the fire-box) evaporate 8 to 94 lbs. of water 
with 1 lb. of coke, according to the rapidity of evaporation ; the slowest evaporation 
with a given sized boiler producing the best result. 

The variation in the heating quality of different descriptions of coke from different 
mines is often very great. In Lancashire the Hulton and Worsley cokes rank highest. 
Bepresenting the duty of these by 100, it was found by trial that the duty of cokes 
from six other mines was represented by the following numbers : 76^, 80^, 80^, 
81^, 89, 90^. In some instances the inferior duty was x>artly occasioned by the 
tenderness of the ooke or inability to withstand the action of the blast ; the large 
pieces breaking up into small ones, and these either falling through the bars or being 
carried off by the draft. 

The above general results in the three most important classes of steam engine boilers 
will serve to shew that considerable loss of heat takes place in each case. It does not, 
however, appear likely that the locomotive boiler can be pushed to perform a much 
higher duty, taking into account the mechanical limits imposed in its construction. 
Bat there is no sufficient reason, except in so &r as the comparative cost of alterations 
and that of anticipated saving in fuel may influence the owner of the boiler in incurring 
an immediate expense, why the performances of the majority of stationary engine 
boilers should not be materially improved. 

We proceed to consider briefly the circumstances which occasion a diversion of a 
portion of the heat generated, and dissipation of part of the fuel unconsumed. 

JHvenion of Heat generated. 
This may be ascribed chiefly to one or other of the following causes : — 
1. VaTpoTxtation of the hygrometric water. 

Coal, in the state in which it is obtained from the mine, contains from 1 to 2 per 
cent, of water : when exposed to the atmosphere, and especially to rain, it of course 
imbibes a further quantity, which is greater or less in proportion to the moisture of 
the air and to the size of the particles of coal ; the smaller kinds, and especially wh&t 
ii termed 'slack,* being more retentive than the round coal; This water must be 
eonverted into vapour before combustion takes place, and the heat necessary for its 
oonversion must be derived from other portions of fuel undei^oing combustion, and 
is consequently not communicated to the boiler. 

Coke, being of a much more porous or spongy texture than coal, absorbs frequently 
u much as 7 per cent, of water in its passage from the oven to the place of consump- 
tion in uncovered waggons. A difference in the hygrometric state of the atmosphere 
hu a marked and rapid effect on the amount of hygrometric moisture in coke. Upon 
aoenrate weighing it was found that a quantity of coke delivered in rainy weather, 
and afterwards exposed for a few days to a drying wind, was reduced from 388 cwt. 
to S60 cwt. Hence will be seen the advantage of keeping the coke dry until the time 



• ( 



Report of CommiBsionen of Railways respecting Railway Communication between 
London and Birmingham,' 1848, p. 67. 
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it is actually pat int-o the furnace ; for not only is there in damp fiiel a less quantity 
of com)>a8tible matter than is i)aid for, unless due allowance be expressly made, bat 
there is a positive redaction of e£fectiTe power in the combustible portion itsell 
Thus, to take the instance cited of coke with 7 per cent, of moistare : 

100 lbs. of such coke contains 93 Tba, dry fael, and 7 lbs. water = 100. 
The 93 lbs. dry coke are competent in practice to 'eraporate 84 times 

its weight of water =7901bi. 

Bat 7 lbs. water contained in the fuel must first be evaporated , . = 7 lbs. 

There remains, therefore, as the effective quantity of water evaporated 
by 100 lbs. of damp fuel =7831b«. 

Whereas 100 lbs. dry coke evaporate 850 Uta. water. 

This is equal to a diminution of effective duty in the proportion of 850 to 788, or 
about 8 per cent. 

In every contract for the supply of coke it is advisKble that the contractor should be 
bound to send it in closed waggons, or waggons covered with water-proof sheets ; and 
the coke d^pCts should be so constructed that the w2^[gons may be unsheeted, and the 
coke weighed out and stocked under cover. 

2. Production of such elevation of the temperature of the air or gases in the 
chimney as may be required to obtain the draft. 

In the fixed engine furnace the necessary draft is maintiuned by the differential 
pressure, as between a column of heated and rarefied air in the chimney-stalk and a 
column of the colder air without, of equal area and height ; the difference of tempera- 
ture being maintained by the constant accession of heated gaseous matter to the 
contents of the chimney, which are constantly discharging themselves from the top. 
It should be the object to render this loss of heat a minimum. The quantity of heat 
carried off is direcUy proportional to the quantity of gaseous matter which escapes 
from the fine into the chimney, and to the temperature at which it escapes. The 
quantity is a minimum when, for the combustion of any given weight of fuel, no more 
air has been allowed to pass through the furnace than suffices fully to oxidise the 
elements of the fuel ; and the temperature is a minimum when it does not exceed, 
unless by a few degrees, the temperature at which the water is being converted into 
steam of the assigned pressure. When the fire is contained in a box surrounded by 
water to be heated, as in a locomotive engine, the grate-bar frame should be made to 
fit closely to the sides of the box ; otherwise the surface of the plates adjoining will 
be insulated from the action of the fire by a stream of cold air rushing upwards 
between the frame and -the box, — a frequent source of waste of fuel. 

In the case of the locomotive engine, the draft is obtained mechanically by the 
application of the steam already generated ; and its intensity is liable to considerable 
variation under differences of pressure in the cylinders, and differences of velocity of 
the piston. 

The current of heated air through the tubes may be made to become so rapid as 
not to afford the necessary time for imparting all the hei^t which under a milder draft 
would be taken up by the absorbent surfaces, and a quantity of surplus heat is carried 
to waste up the chimney. 

In former years the draft in the locomotive engine was solely obtained by the action 
of the blast-pipe. The introduction of the * close ash-pan,* that is to say, an ash-pan 
closed below and on all sides except the front, — the front being left open to revive a 
rush of air produced by the velocity of the train, — has had the effect of relieving the 
blast-pipe from a part of its duty, and of saving steam and fuel to tluit extent. It is^ 
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boveyer, to be obflerred, that the saying is less on lines of undulating gradients than 
on those in which a eonttatU tension on the fire is needed ; for whilst the engine is 
descending a gradient with steam cut oS, it is obyiously desirable to stop the passage 
of air through the fire ; but the present form of ash-pan preyents this from being 
entirely done, and there is a certain waste of fuel on descending gradients to set against 
the saying on other parts of the road where artificial power is required. The remedy 
would be to haye some ready and simple means of controlling the admission of air : if 
such means were proyided, both before and behind the ash-pan, the engine would 
generate steam equally well, whether running backwards or forwards. 

8. Conduction throufjh tolids composing the furnace and boUcr, and radiation 
from the same. 

The greater economy of fael obtained in the Cornish boilers appears in great measure 
to arise from close attention to this point ; these boilers and furnaces being, in fact, 
buried in a mass of badly conducting material, such as ashes, brickwork, &c 

The locomotiye boiler is particularly exposed to loss of heat from this cause, almost 
every part being in rapid motion through and in constant contact with the atmosphere, 
a thin layer of imperfectly-conducting material only interyening. It is usual to clothe 
the boilers with a layer of felt, then with boards, and oyer them a thin casing of zinc 
or oil-doth stretched tightly, painted and yamished to turn ofi" the wet. The high 
temperature of the steam acting through the boiler-plate often conyerts the felt or 
inner surface of the wooden boards into charcoal, which is a still inferior conductor. 
Notwithstanding these precautions, there is some radiation and waste of heat. 

In outside-cylinder engines, the cylinders are unayoidably placed in a position calcu- 
lated to cool their surfaces, and diminish the pressure of the steam within, in which 
lespect they work to some disadyantage as compared with inside-cylinder engines, 
which haye their cylinders enclosed in the hot smoke-box. 
4, Ditpertion of heated water by priming attd leakage, 

Thif water, suspended mechanically in the steam, and passing with it by the force 
of the cuirent along the pipes and through the cylinders, without producing any 
dynamical effect, abstracts as much heat as was expended in raising its temperature 
from that of the feed- water to the temperature of the issuing steam. The quantity of 
water and consequently of heat thus carried off is dependent chiefly on the incidental 
eirenmstances of the purity of the water used, that is to say, its freedom from mud or 
greasy matter, and of the steam room given aboye the surface of the boiling water. 
The ateam room in locomotive boilers being necessarily somewhat more contracted 
than io fixed engine boilers, and the rate of evaporation in respect of the size of the 
boiler being much greater, there is more tendency to loss of heat from this source. 

The best preventive of this loss consists in properly blowing off and cleansing the 
boilers at prescribed intervals, and in attention to the purity of the feed-water sup- 
plied. With these precautions, the loss in a well-constructed boiler, with properly 
arruiged steam dome and steam pipes, becomes very trifling and scarcely appreciable. 

Leakages in boilers are often occasioned by the unequal expansion of parts unequally 
heated, or of parts formed of different metals whose rate of expansion under equal 
inerementfl of temperature differs ; and such leakages are apt especially to occur after 
sodden and great yariations of temperature, as in boilers after being blown off. 
Instancea are well known in which from such causes a whole set of tubes has suddenly 
begun to leak. 

Dissipation ofunconsumed Fuel. 

In erefy furnace a certain amount of heat is lost in two ways ; firsts by an absolute 
\m of nnbnmt snbatance of the fuel, which may be termed a mechanical loss, inasmuch 
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as it proceeds from oircamstances connected with the physical condition of the ooal, or 
from imperfection in the meclianical apparatus of the fnmace ; and, secondly, by the 
incomplete combustion of the elements into which the fuel has been reeoWed by heai. 
The latter has its origin in the want of due regard to the chemical relations of the 
combining elements. 

1. Mechanical dimpation of the fuel. 

Amongst the ashes which fiUI from the grate-bars of a furnace there is always pee- 
sent a quantity of unconsumed solid fuel. The quantity depends, other things being 
equal, on the practical relation between the total area of air spaces and the width 
between the bars. The area of fire-grate being given, the bars must be arranged io 
as to present the least possible impediment to the passage of air through the fad, 
whilst at the same time they afford effectual support even to the smaller pieceik For 
this reason it is desirable to make the grate-bars as thin as the strength or durability 
of the material (cast or wrought iron) will allow, adding in depth to make op for 
deficiency in thickness. The spaces between the bars are adapted to the nature of 
the fuel In the case of small coal and slack the spaces must be more contncfced than 
where rounder coal or coke is employed. Experience eoon shows what is the best 
proportion. 

For the best qualities of coke, in the locomotire furnace, the following proportions 
have been found, on the Liverpool and Manchester Railway, to work with the hoi 
effect : 

Thickness of bars } inch. 

Width of air spaces 1 do* 

With these dimensions, the proportion borne by the entire area of air spaces to that 
of grate surface is as 67 : 100. 

The thinner the bars, the more will the proportion be increased. Probably a bar 
less than 4 an inch thick could not be made durable.* About J -inch is a commoii 
thickness for locomotive furnaces. With such bars, and linch spaces between, the 
proportion of air space to total area of grate surface is as 57 to 100, shewing a 
reduction of 10 per cent, of air space as between 4 -inch and ]-inch bars. 

Hence the rate of evaporation is diminished, or, if the air spaces be widened to 
compensate for the extra thickness of the bars, an attendant loss of fndl is 
incurred. 

By proper management, this inconvenience and loss may in great measure be pre* 
vented. For this purpose it is only necessary to adapt the quality of the ooke^ wiili 
respect to its dimensions, to the particular duty it has to perform. Engines running 
with express or other quick passenger trains, and making few stoppages, require a 
maximum rate of evaporation which can be attained by feeding only with large round 
coke, thus allowing the air free access to the interior of the burning mass. The rule 
formerly practised on the Liverpool and Manchester line was to sort the coke from 
the waggons into three qualities by the rake. The first quality, or large nnind 
coke, was delivered to the passenger engines ; the second quality, of an iafierior 
size of round coke, to the luggage engines ; and the third, of still less dimensioni^ 
to ballast engines. Thus the two ktter classes of engines performed their wwk 
as efiioiently as before, and the passenger engines obtained the benefit of tht 



* With }-ixich bai-s and 1-inch spaces^ the destruction of fire-ban on the Livexpool and llaii- 
chester Railway, on a mileage of 820,000 miles, during the period extending from January lat 
to November 10th, 1841, was 5 tons 16 cwt ; Hulton or Woralcy eoko alone being used. 
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uiereaBe of speed which the first quality of coke afforded by increasing the rate 
of eraporation. The entire coke purchased was thus made to render effectiye ser* 
▼ioe; for prerionsly there had been much waste occasioned by the firemen sorting 
it for themselyes on the journey, and throwing out on to the road what they con- 
sidered refuse. 

Coke is frequently wasted from want of attention to the fixing of the fire-bars ; for 
unlen these are closely wedged or jammed into the frame which supports them, the 
xmpid motion of the engine will cause an incessant friction upon the surface of the 
fuel at the bottom of the fire, and work a portion'of it down into the ash-pan. 

The power of fdel to resist mechanical dispersion in the furnace depends on its 
physical character. 

Some kinds of coal contain water in a state of chemical combmation, and are apt 
to split and fly to pieces when heat is applied. The anthracite coals of South Wales 
are peeuliarly subject to this evil. In furnaces of the ordinary construction, and 
especially in looomotiye boilers, it is difficult to use them, as they are apt to break 
down into powder under the influence of a strong heat suddenly applied. Other 
kinds, after long exposure to air and weather, appear to undergo a kind of incipient 
decomposition, whidi renders them tender and friable. Coke is rendered compact by 
the prooeta of coking being long continued, producing thereby a sort of fusion 
between the particles. It is, of course, the manufisusturer's interest to employ and 
replenish his OTcns as quickly as possible, and it may therefore happen that the con- 
sumers are sometimes sufferers. To withstand the blast of a locomotiye furnace, the 
eoking process should be fully completed. Imperfectly coked coal is carried off like 
ehaff through the tubes and up the chimney. 

2. InecmpleU conUmttion of the elements of the fuel, 

m 

Owing to an insufficient supply of air, the Yolatile prodacts of coal frequently pass 
off uneonsamed, or only partially so. The yisible result is the formation of a cloud 
of smoke trom what^ before its admixture with air, was an almost invisible gas. This 
gas, or, at the least, the inflammable part of it, is a compound of carbon and 
hydrogen united in one or more definite proportions. If oxygen be presented to the 
gu at a time when its temperature is high enough for the forces of affinity to have 
full play, but in quantity insufficient to saturate the whole of the carbon and hydrogen, 
the hydrogen unites with the oxygen before the carbon is taken up, and the carbon is 
deponted, or rather separated, in the form of smoke. 

It would be out of place here to refer to the subject of the prevention of smoke in 
fumaoes, further than to state that a judicious application of the principle of a direct 
and well-regulated admixture of air with the heated gases, as they are distilled off 
from the fuel, appears not only to diminish very largely the quantity of smoke 
evolved from the furnace chimney, but also to effect some saving in fuel. According 
to Mr. Houldsworth's experiments, reported by Mr. Fairbaim in the ' Beport of the 
Britiah Association' (1844, page 109), an advantage of 124 P^^* ^'^^* ^^ obtained on 
the average by the repeated admission of air through apertures behind the bridge. In 
•ome cases even a higher duty is said to have been observed. 

The reason why the additional heat generated in the full combustion of the 
gaseous products faUs short of the estimates held out by the advocates ^of different 
ijstems of imoke prevention, appears to be that the heat employed in volatilising the 
gaseous products is nearly as great as the heat evolved in the subsequent com- 
Iniiatioii of those products with oxygen. 

A sufficient supply of oxygen is as important in the combustion of solid carbon as 
it is in tliat of the volatile parts of the coal ; for ii is well known that carbon unites 
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as it proceeds from circamstanoes oonnected with the physical condition of the coal, or 
from imperfection in the mechanical apparatus of the furnace ; and, secondly, by the 
incomplete combustion of the elements into which the fuel has been resolred by heai. 
The latter has its origin in the want of due regard to the chemical relations of the 
combinmg elements. 

1. Mechanical dUtipaiion of the fuel. 

Amongst the ashes which Ml from the grate-bars of a fomaee there is always pre- 
sent a quantity of nnconsnmed solid fuel. The quantity depends, other things being 
equal, on the practical relation between the total area of air spaces and the width 
between the bars. The area of fire-grate being giren, the bars must be arranged eo 
as to present the least possible impediment to the passage of air through the fuel, 
whilst at the same time tbey afiford effectual support even to the smaller pieces. For 
this reason it is desirable to make the grate-bars as thin as the strength or durabOity 
of the material (cast or wrought iron) will allow, adding in depth to make up far 
deficiency in thickness. The spaces between the bars are adapted to the nature of 
the fuel In the case of small coal and slack the spaces must be more contracted than 
where rounder coal or coke is employed. Experience aoon shows what is the best 
proportion. 

For the best qualities of coke, in the locomotive furnace, the following proportioDi 
have been found, on the Liverpool and Manchester Railway, to work with the best 
effect : 

Thickness of bars } inch. 

Width of air spaces 1 do. 

Vnth these dimensions, the proportion borne by the entire area of air spaces to that 
of grate surface is as 67 : 100. 

The thinner the bars, the more will the proportion be increased. Probably a bar 
less than 4 an inch thick could not be made durable.* About J -inch is a common 
thickness for locomotive furnaces. With such bars, and lioch spaces between, the 
proportion of air space to total area of grate surface is as 57 to 100, shewing a 
reduction of 10 per cent, of air space as between 4 -inch and J -inch bars. 

Hence the rate of evaporation is diminished, or, if the air spaces be widened to 
compensate for the extra thickness of the bars, an attendant loss of fuel if 
incurred. 

By proper management, this inconvenience and loss may in great measure be pre- 
vented. For this purpose it is only necessary to adapt the quality of the coke^ with 
respect to its dimensions, to the particular duty it has to perform. Engines numing 
with express or other quick passenger trains, and making few stoppages, require a 
maximum rate of evaporation which can be attained by feeding only with large round 
coke, thus allowing the air free access to the interior of the burning mass. The mle 
formerly practised on the Liverpool and Manchester line was to sort the coke from 
the waggons into three qualities by the rake. The first quality, or large round 
coke, was delivered to the passenger engines ; the second quality, of an inferior 
size of round coke, to the luggage engines ; and the third, of still less dimensioD% 
to ballast engines. Thus the two latter classes of engines performed their work 
as efficiently as before, and the passenger engines obtained the benefit of the 



* With }-iDch bars and 1-inch spaces, the destruction of fire-bars on the Liverpool and Xan- 
olMster Railway, on a mileage of 31K),000 miles, during the period extending from January Ist 
t» Vonmber 10th, 18il, was 5 tons 16 cwt ; Hidton or Worsley coke alone being used. 
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increase of speed which the first quality of coke afiforded by increasing the rate 
of eTaporation. The entire coke purchased was thas made to render effective ser- 
vice; for preyioosly there had been much waste occasioned by the firemen sorting 
it for themselyes on the journey^ and throwing out on to the road what they con* 
sidered refuse. 

Coke is frequently wasted firom want of attention to the fixing of the fire-bars ; for 
unlen these are closely wedged or jammed into the frame which supports them, the 
xmpid motion of the engine will cause an incessant friction upon the surface of the 
fuel at the bottom of the fire, and work a portion'of it down into the ash-pan. 

The power of fuel to resist mechanical dispersion in the furnace depends on its 
phjDcal character. 

Some kinds of coal contain water in a state of chemical combination, and are apt 
to split and fly to pieces when heat is applied. The anthracite coals of South Wales 
are peeuliarly subject to this evil. In furnaces of the ordinary construction, and 
eqpedaUy in locomotiYe boilers, it is difficult to use them, as they are apt to break 
down into powder under the influence of a strong heat suddenly applied. Other 
kinds, after long exposure to air and weather, appear to undergo a kind of incipient 
deeompositbn, whidi renders them tender and friable. Coke is rendered compact by 
the prooets of coking being long continued, producing thereby a sort of fusion 
between the particles. It is, of course, the manufacturer's interest to employ and 
replenish his ovens as quickly as possible, and it may therefore happen that the con- 
sumers are sometimes sufferers. To withstand the blast of a locomotive furnace, the 
ooking process should be fully completed. Imperfectly coked ooal is carried off like 
chaff through the tubes and up the chimney. 

2. InecmpleU combuttion of the dements of the fuel. 

Owing to an insufficient supply of air, the volatile products of coal frequently pass 
off nnoonsomed, or only partially so. The visible result is the formation of a cloud 
of siikoke from what^ before its admixture with air, was an almost invisible gas. This 
gas, or, at the least, the inflammable part of it, is a compound of carbon and 
hydrogen nnited in one or more definite proportions. If oxygen be presented to the 
gas at a time when its temperature is high enough for the forces of affinity to have 
full play, but in quantity insufficient to saturate the whole of the carbon and hydrogen, 
the hydrogen unites with the oxygen before the carbon is taken up, and the carbon is 
deposited, or rather separated, in the form of smoke. 

It would be out of place here to refer to the subject of the prevention of smoke in 
fumaoes^ further than to state that a judicious application of the principle of a direct 
and well-regulated admixture of air with the heated gases, as they are distilled off 
from the fuel, appears not only to diminish very largely the quantity of smoke 
evolved from the furnace chimney, but also to effect some saving in fuel. According 
to Mr. Hooldsworth's experiments, reported by Mr. Fairbaim in the ' Beport of the 
British Association' (1844, page 109), an advantage of 124 P^^ ^^^' ^^ obtained on 
the average by the repeated admission of air through apertures behind the bridge. In 
tome cases even a higher duty is said to have been observed. 

The reason why the additional heat generated in the full combustion of the 
gaseooa prodnets faUs short of the estimates held out by the advocates^of different 
systems of smoke prevention, appears to be that the heat employed in volatilising the 
gaseous prodnets is nearly as great as the heat evolved in the subsequent com- 
bination of those products with oxygen. 

A sufficient supply of oxygen is as important in the combustion of solid carbon as 
it is in that of the volatile parts of the ooal ; for k is well known that carbon unites 
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with oxygen in two proportions, forming reipectiyelj carbomo oxide and ca rb on i o 
acid gas. 

Carbonic oxide contains . . . 6*12 carbon + 8 oxygen = 14*12 
Carbonic acid contains . . . 6*12 do. +16 do. =22*12 

To develope the fall heat of which carbon is capable, it most reoeiTe the doable dose 
of oxygen, aod be conyerted into carbonic acid. 

The fact of the generation and escape of large quantities of carbonio oxide from 
coke fires, especi^y where the mass of homing fuel is thick, is abundantly proTed by 
experience. If the fire door of the furnace of a locomotiye boiler in full action 
be opened, a lambent blue flame is at once seen to surround the opening and plaj 
over the surface of the fuel, occasioned by the combustion of the carbonio oxide 
when the fresh air is presented to it. In like manner, a blue flame may occasionally 
be seen burning at the top of the chimney, the point where, supposing the fomaoe 
door to be shut, the heated carbonic oxide first meets a supply of oxygen. If the 
smoke-box be not quite air-tight, the outer plates have been known to become red-hot 
by the combustion going on within. 

It may be useful to consider what loss of heat may arise as between the conTetiioii 
of carbon into carbonio acid and of carbon into carbonic oxide. There are no direot 
means of ascertaining the loss or difference, inasmuch as no direot experiment can be 
made on the conyersion of carbon into carbonic oxide cUone. We may, howeTer, 
arriye at a conclusion indirectly in the following way : 

According to experiment, cited in the Table (page 486;, 1 gramme carbonio ozid^ 
in its conyersion into carbonio add, yields 2481 units of heat. 

Consequently, 1412 grammes of carbonic oxide will yield (2431 x 14*12) -84,825. 

But 14*12 grammes carbonic oxide contain 6*12 grammes of carbon. 

Therefore the 6*12 grammes of carbon, during the process of conyersion from the 
state of carbonic oxide to that of carbonic add, yield 84,825 units, equiyaknt to 
1 gramme carbon, in its oonyerdon from carbonic oxide to carbonic add, yielding 
5608 units of heat. 

But according to experiment (see page 486), 1 gramme carbon, in its conyenioa 
from carbon into carbonic acid, yidds 7900. 

The difference between the two last numbers indicates the heat deydoped hf 
1 gramme carbon, in its conyerdon from carbon to carbonic oxide, = 2292. 

If this reasoning be correct, fj^ths, or, in round numbers, 70 per cent., of the 
heat which would be generated in the conyersion of carbon to carbonic add, is ket 
in the case of the conyersion of the same weight of carbon into carbonic oxide only* 

Eyery pound of carbon which escapes through the chimney in the form of oarbonio 
oxide carries ofi^ therefore, as much fuel as would suffice to eyaporate 10 lbs. of water 
from the temperature of 212^ 

In the locomotiye boiler, the remedy has been partially applied of perforating the 
fire door with a number of small holes, and allowing the air to enter through them 
direct on to the top of the burning coke, from the surface of which the carbonio oxide 
is rising. 

The yazious sources of waste hitherto detailed, however insignificant they may 
appear if conddered singly, become, when combined together, of serious moment. 
This was fully eyidenced in the saying of full 100 tons of coke per week, effected 
in the Liyerpool and Manchester engines, in the autumn of 1889, in the following 
manner. 

In the antmnn of 1888 an account had been opened, agdnst eadi eng^e^ of the 
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ooke delirered, and veekly returns were made up of the general consumption. This 
lenred, to a certain extent^ as a check, but the result was not so satisfactory as could 
have been desired. The returns might or might not give accurately the week's con- 
fompUon. The coke was put loose in the tender, subjected to all the breakage to 
which its position rendered it liable, and bebg so placed, no account was taken of 
the stock remaining at the end of the week. 

This might haye been greater or less than the stock remaining at the end of the 
premns week. Hence an error in the week*s consumption. Taking a longer period, 
of conrae the errors were neutralised, and a correct average obtained ; but this was 
not sa£Scient. It was necessary to know not merely a month's consumption, nor a 
week's, but eyery day's consumption. Nay, it was found important that the driTers 
should know from hour to hour what they were using. Accordingly the system was 
changed. The coke, instead of being placed loose in the tenders, was put on in bags, 
each containing a certain weighty and every night, after the engines had finished 
work, the remaining ones were counted, and as many fresh ones put on as sufficed to 
make up a given complement. The driver was not permitted to empty his sacks 
before he actually wanted to feed his fire, and therefore no waste or breakage could 
take place. At the same time orders were given to let the fires bum low as the end 
of the journey was approached, for the purpose of diminishing waste during the 
intenrals of rest. 

A table of every week's performance was posted up for the inspection of the men, 
wherein the engines occupied a higher place in proportion as their consumption was 
lighter. 

Theae arrangements were carried into effect in October, 1839, and immediately 
roused an honourable and eager spirit of competition amongst the men. 

The records of that period show a marked effect. During the four weeks preceding 
the 19th October, the coke deliveries amounted to 826 tons 9 cwt. ; during the four 
weeks succeeding that day, to only 717 tons 17 cwt., the work done being almost 
precisely the same. 

WMktndiDg Tons. cwt. qrs. 

28 September, 1839. 282 trips of 80 mUes + 84^ days' work 207 i 2 

6 October, „ 234 do. do. + 3^ do. 203 11 1 

12 do. „ 233 do. do. +351 do. 211 2 1 

19 do. „ 236 do. do. +30} do. 204 11 

935 do. do. +134 J do. 826 9 

26 October, 1889. 283 trips of 30 mUea + 35 days' work 181 8 1 
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By further practice, and by attending closely to those little defects of which the 
niitfncc waa sure to be indicated by an inspection of the tables, and before any 
extensive improvements were made in the valves, the quantity was still further 
ledaoed, and in February of the following year did not exceed 670 tons. 

The Working Duty of Steam. 
The heat necessary to convert a given weight of water of a given temperature into 
vteam has been ascertained to be a constant quantity, independent of the particular 
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pressure and temperature of the steam generated, so that in respect of the duty of 
fuel it is a matter of iudifiference whether evaporation is carried on under a high or a 
low pressure. 

A portion of the heat applied to the water is expended in elevating its temperature 
up to the point at which its conversion into steam of the assigned pressure com- 
mences, and the remaining portion is devoted to the conversion of the liquid into 
vapour, and is essential to its constitution as such. 

This heat of conversion (latent heat) diminishes as the pressure and OdEzesponding 
temperature of the steam increase. 

For instance : — 

lbs. of water. 
1 tb, of water heated from 82** to 212** F. requires as much heat 

as would elevate through VF 180 

1 lb. of water at 212° F. converted into steam at 212' (=14-7 Ihs. 
per square inch) requires as much heat for its conversion as 
would elevate through 1° F. 972 

Total 1152 

Again : 

1 lb. of water heated from 82*' to 329° F. requires as much heat as 
would elevate through 1° F. 297 

1 lb of water at 329° F. converted into steam at 329° ( = 100 lbs. 
per square inch) requires as much heat forits conversion as would 
elevate through 1° F St5 

Total 1152 

The number 1152 is, ther, a constant which may be taken to express the units of 
heat containing lib. of steam, reckoning from 82° F., the freezing point of water, up 
to the temperature at which the conversion into steam takes place. 

The mechanical equivaUntf or maximum theoretical duty of this amount of heat, as 
contained in 1 lb. of steamy is 

682 lbs. X 1152 units of heat = 785, 664 lbs. raised 1 foot high; 

682 lbs. through 1 foot being, as before shewn, the mechanical equivalent of the unit 
of heat. 

The amount of duty realised in the production and use of lib. of steam falJs^ 
however, far short of this theoretical maximum. 

In the earliest stages of the process, those which precede the moment when the 
water finally assumes the gaseous form, the forces to be encountered before the 
cohesion of the molecules of the liquid can be overcome, absorb and neutralise a large 
proportion of the eflfect of the imparted heat. 

In fact, the ' heat of conversion ' is partly occupied in producing the change of 
state from liquid to gas, an effect which is unattended by any sensible manifestation 
of power, and for the remainder consists in producing a pressure uf force equal 
to the tension of the steam on a given area of surface moving through a space which 
depends on the relative volumes of the water and the steam. 

Thus it is obvious that in the most perfect steam engine, acting as it does on the 
principle of alternate vaporisation and condensation, a very considerable amount of 
the mechanical equivalent of heat is for all practical purposes annihilated ; and this 
reflection may lead to the question whether there may not be discovered some meanf 
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of redaiming the lost heat of conversion, and thereby greatly economising fuel, 
by the employment of water purely in its gaseous form, subjecting it to such 
slterations of temperature, thjort of. reduciog it to the liquid state, as may render 
it the means of transforming all the beat it receives into a manifested and available 
equivalent of force. 

Owing to the circumstance of the heat of conversion becoming relatively less and 
Iflss as the pressure increases, the loss or absorption of force is less, the higher the 
presBore at which the steam is produced. 

Making tke allowance for this loss, the theoretical work producible from Wb, of 

iteam is in each of the cases here cited as follows : 

Iba. avoird. raised 
1 ft high by 1 lb. 

of steam. 
Theoretical duty. 

1st. Low-pressure engine, working inexpansively, and condensiog 
its steam at 112° F. ( = l'31b. per square incb) ; the steam 
formed at 228° F. (=20Ibs. per square inch) . . . 53,150 

2nd. High-pressure engine, working expansively ; steam formed 
and admitted into cylinder at 284° F. ( =51i!bs. per square 
inch, or 8 atmospheres), expanding to 104"* F. and condensed at 
lO^F. (=in>. per square inch) 214,734 

In the first case only ^\th part of the absolute maximum of theoretical duty of 
the heat imparted to the steam can be obtained ; in the latter case, about ^ths. 

Of this reduced theoretical duty let us see how much has been actually obtained^in 
pfsetiee. 

\d aue, —Mr. Josiah Parkes, in his Paper on Steam Engines, records the duty of 
two condensing inezpansive low-pressure steam engines, viz., an engine at Warwick, 
with 25-inch cylinder and 5-feet 6-inch stroke, and the engine of the Albion Mills, 
Iiondon, with 34-inch cylinder and 8 -feet stroke. 

The first engine raised .... 28,285 lbs. 1 foot high. 
The second engine raised .... 28,489 lbs. ,, 



Mean 28,387 lbs. raised 1 foot high by 

1 lb. of steam. 

This duty is only 53 per cent., or little more than one -half the assigned theoretical 
^uty. 

ind Mje.— The Fowey Consols engine, with 80-inch cylinder, 10-feet 4-inch stroke, 
ovtting off at { stroke, working at a pressure of 40 lbs. per square inch above the 
^tBM)q>here, has raised 

126,859 lbs. 1 foot high by 1 tb, of steam.* 
This dutj amofunts to at least 58 per cent, of the assigned theoretical duty. (In 
M ease supposed, the steam would be cut off rather earlier.) 
The loss of duty in respect of the steam generated in the boiler may be referred to 
fcv general heads, vis. 

L Loss as arising from steam which escapes, either witliout passing through the 
eylinden, or, if passed through the cylinder, without exerting pressure upon 
the piston. 
II. Loss as arising from resistances against the piston, produced by imperfect 

aetion of the valves. 



* The average duty of all the Cornish engines scarcely exceeds one-ludf this. 
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[. An apparent lota inddcntsl to the non-Mndeoung engine, u atiiiiig fnua 
w to the piston nHuiJvil b; tlie frcssuro oT the stmo^hei*. 
g Sroai imperfect condenutian. 

I. Loti from Eicapa of Steam. 

0*ing to detect* of mee h ii ue tl 
ecnstmction, cr lo (begiailaail tieAr 
and abnaion uf aurfiicCB iulctulcd 
to work npon each other itMO 
tight, s vaate of ateam ofUn lak<a 
pbce. Thia call onlj be remedied 
bj repairs; bot there ia another 
fertile lonree of vute, which u in 
great meaearemiderUiB Immediiile 
control of the CDginC'driTSr, — the 
lou of steam blown off thranghthe 
uifetj TalTea vhea the enpne it 
either itaoding or working. To 
gira aa idea of the Ion that uaj 
be siutained io this w»j, the fol- 
hiwiug cij.erimeaU, made on th* 
Livtrpool idJ MADCkestcr Ballvq 
in Aagiut, 1S39, ma; be eit«d. 

Pour eoginea in good wotkang 
order, via. the '£a[Hd' and 
' Leopard ' paaasnger enpM*, and 
the 'Idon' and MuDmolh lag- 
gaga tngiuea, uere scltcied and 
daring a day's work of eadii •• 
engaged in the ordinal? (nffio of 
the line, all pikrticalBra of their 
service wtre noted down ; the tiiw 
imnDLloa, — the time at rest nnder 
etcam,— the times of ligbliag and 
FitinguiEhiag the Gree, — the Ooke 
dcUiered Ihroughaut the dar, — 
the waste cuUe thrown luide aa 
aselen, — the ashes taken ont at 

The reanlt* of these ezperimenta 
ore coadcQsetl into the anneteit 
Table, ^e consainptioQ a { fsel beiif 
redneed to & mileHge rate. 

Bf this nceoDnt jl is eeen, (bat 
nnder ciniimatances in which aun 
ibtn ordinarj care-was takan in the 
working of the engines, the wa«te 
of coke ginng mi whilst tlie cnginea 
were at rest averBged about 30th*. 
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npon the mileage, about 7 Ibi. per mil^ being a 
the net consumption whilst in motion. 
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The trial led to a few simple regolatioiiB, which resnlfced in effecting the saving of 
neirly the entire qnantity of fuel oonsamed whilst the engines were standiog. These 
weie as follows ; as the engine approached the end of its jonmey, the fire in the fire- 
box and the water In the boiler were allowed to ran low. Before reaching the 
station, the fted-pnmps were put on and the boiler filled np with water from the 
tendeTi the water being of ooorse oomparatively cold ; after the fire-man had cleaned 
his ban and picked the tubes, the fire-place was filled np with cold coke : a damper 
wu placed orer the month of the chimney, and the engine remained in this condition 
imtil the time of starting on its next journey. By this time the coke had become 
ignited thronghont ; the water had been raised to the boiling pointy and if any steam 
had been generated, it was torned into the tender tank, to warm the feed water, 
Thos the heat produced during the inter?al of rest was turned to full account, and 
made to tell directly upon the work of the succeeding journey. 

u. Lon fmm, Eetiatanees against the PUton, produced by impei'fect Action of the 

Valves, 

This is a branch of the subject deserring especial consideration. Its importance, 
•s referring to the economical working of steam engines, may be profitably illustrated 
hj a brief historical account of the consecutive alterations and improvements in the 
vaTve arrangements and mechanism of the locomotive engines of the Liverpool and 
Eanchester Bailway, and of the results produced in the saving of fuel. 

It may be premised that the same principles have their application not only to the 
engines of other railways, making due allowances for difference in the gradients and 
difference in the loads and dimensions of engines, and difference of speed, but also to 
fixed engines in general. In fact, they have been applied to the fixed engines of the 
Idverpool and Manchester Bailway with parallel advantageous results. 

The lustory of the Liverpool and Manchester locomotive engines may, in reference 
to eeonomy in working them, (for the sake of convenient classification) be divided 
into two periods ; the first a period of increasing, the second a period of decreasing 
eoDsmnption, as respects the article of fueL Brief allumon may be made to the events 
of both periods, and a reference to the causes which retarded, as well as to those 
which accelerated, improvement. 

During the first few years after the opening of the railway, the class of improve- 
ments comprising the gradual enlargement of dimensions as necessary for maintaining 
lugher rates of speed, and the transport of heavy loads, — the better disposition and 
proportionment of the component parts, and selection of suitable materials capable of 
nsating heavy strains, and various other causes of derangement and decay, demanded, 
in eonsequenoe of their direct influence upon the traffic of the Company, unremitting 
sttontion. The necessity of securing regularity in the transport of trains, whether of 
p as B C Bg o ra or goods, was pressing and paramount, and afforded sufficient materials for 
tboDght and experiment. It is, therefore, a source of less surprise than regret that 
little progr e ss should have been made in diminishbg the consumption of fueL Trials 
of the consumption of different engines of similar size and power were made from 
time to time ; and these agreeing pretty closely together, served to lull suspicion of 
tnneeessaiy waste of fuel. As the engines increased in dimensions, the consumption 
of fuel increased also, which was considered a natural and inevitable consequence of 
Uie exertion of increased power. 

The adoption, in 1836, for the passenger traffic, of what were termed short-stroked 
etg^nes, was attended with the establishment of a quicker rate of travelling than had 
before been known on the line, but, unfortunately, also with an extravagant increase 
in coDfomption of coke. This was erroneously referred to the mechanical disadTantage 
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of the short stroke, an explanation which for a time was deemed satisfactory. Atten- 
tion was directed to schemes of smoke-barning, by which the nse of ooal, as a mnch 
cheaper fuel than coke, might be rendered possible. In 1836 the ' Liyer* waa fitted 
np for burning coal, but proved a failure ; and subsequently one or two engines wen 
tried with about equal success. Hitherto all the engines had been furnished witli the 
slide yalre ordinarily nsed in high-pressure engines, the mode of operation of whidi 
is well known to every practical mechanic It will be remembered, that the opera- 
tions of admittiug the fresh steam and releasing the waste steam are alternately per- 
formed by the same yalve and by the same motion. The valye being made to slide 
backwards and forwards upon the face of the ports, opens and closes the sereral 
jvassages in their turn. The two extreme ones, termed steam ports, communicate 
with either end of the cylinder. The middle one is termed the exhausting port, and 
its corresponding passage terminates in a pipe open to the atmosphere and carried 
into the chimney. Steam is admitted freely into the steam chest from the boiler. 
The valve is made of sufficient length to cover, when placed in the centre of the 
stroke, all the ports. In this position no steam can enter the cylinder ; but as the 
valve moves on, one of the ports opens, and the arrangement of the valve gearing is 
such, that when the piston is ready to begin its stroke, the steam ^rt begiju to open. 
During the forward progress of the piston, the valve not only travels to the end of 
the stroke, but returns to the point from whence it set out. Its continued mation in 
the same direction finally closes the valve, and prevents any further admission of 
steam. The steam has now done its work, and must be removed. In the middle of 
the valve a hollow chamber is formed, of sufficient length to span between the ports. 
As soon as the edge of this chamber passes the edge of the steam port, the pent-up 
steam finds vent, and, rushing through the chamber into the exhausting passagei 
escapes into the chimney. 

This was the valve used on theLiver]>ool andManchester Railway until the year 188S, 
and also in the engines of other lines of railway at that time. It will be observed 
that the exhausting port opens when the steam-port closes, and both events happen as 
nearly as may be at the end of the stroke. The perfection of a slide-valve consist^ 
otiier things being supposed equal, in the degree of nicety with which its motion is 
timeil, relatively to the motion of the piston. The functions of the piston are abso- 
lutely dependent upon the proper timing of the admission and release of the steam. 
A most slight and apparently triding error in the adjustment produces a most serious 
effect upon the consumption of fuel. 

If from any cause the valve should open to admit steam for a fresh stroke before the 
preceding stroke is finished, it opens too soon, and an unnecessary resistance to the 
piston is produced. 

If, on the other hand, tho valve should delay its opening until the piston has begun 
to return, it opens too late, because then the steam has uselessly to fill the space left 
vacant, llenee a waste of steam and loss of power. As far, then, as the admission 
of Hti'am is conc^'rneil, it is a necessary condition that the steam-ports should open 
neither l>cforo nor after, but at tho precise moment when the stroke oommenoes. 
Some engineers, indeed, have recommended giving the valve Mead,* as it is termed, 
—that ia to say, setting it so as to open a little before the completion of the foregoing 
stroke ; but it seems very questionable whether advantage is gained by doing so^ 
excepting to the extent that may be necessary to compensate for any slackness in the 
parts of the valve gearing, or for their expansion when hot, and about one-sixteenth 
of an inch may be considereil sufficient for this purpose in a well-constructed engine. 

This Talve satisfies the conditions required in the admission of steam. It opens 
•BMII7 al ths right time. The steam begins to enter as the piston be^^ to move, 



STEAM ENGINE^ LOCOMOTIVE. 503 

•ad foHowB it steadily and eSedijely throughout its course. Whatever time the 
piston takes for its journey, the steam is allowed as much time to follow it. At first 
the opening is small, but then the motion of the piston is comparatively slow, and 
there£are the supply keeps pace with the demand. As respects the release of the 
steam when the stroke has been completed, the performance of this valve is alto- 
gether unsatisfiwrtory ; and here lurks the cause of the difference in the performances 
oi the old and the later engines of the Company. 

But it might be said, the release does appear to take place at the right time, 
because it occurs just when the piston has finished the stroke, and if it were to occur 
before^ a loss of power would ensue. This is a plausible view of the case, and ooe 
which undoubtedly delayed for years the saving of fuel which has since been effected. 
Suffieieni attention was not bestowed upon the processes gomg on in the interior of the 
cylinder, or upon the facts which might have indicated them. Alternately to fill and 
empty the cylinder of its contents are operations requiring time. The time allowed 
ibr the first operation,— that of filling the cylinder with steam, — necessarily corre* 
tpaodM with the duration of the stroke, whatever its duration may be. But this 
cannot be the case as reganls the second operation— the emptyiog of the cylinder. 
This ought to be performed in an instant, in the minutest fraction of the duration of 
the stroke, otherwise the steam contiaues pent up when it ought to be liberated, when 
it daght to assume its minimum pressure, — viz., the pressure of the atmosphere, — 
ind exerts an ii^arious counter-pressure against the piston, tending to increase the 
lesistanoe to be overcome. To effect the free and rapid discharge, it is necessary not 
merely to open the communication to the exhausting pipe, but to open a wide passage, 
and to have this done by the time the piston recommences its motion. The valve 
iOuded to cannot accomplish this. Its motion is gradual, not instantaneous. 
The passage only begins to open when the piston is on the turn, and is not wide open 
imtil the piston has travelled through one-tenth of its entire stroke. The steam in 
the cylinder is consequently restrained from escaping, being wire-drawn in the passage 
out, and consequently takes considerable time to assume the pressure of the atmo- 
iphere. In the meanwhile the new stroke has begun, and been partially completed ; 
and so fiur the piston has had to contend with a resbtance altogether illegitimate — a 
resistance which in many cases, and especially at high speeds, has been nearly equal 
to all the other resistances put together. In the year 1838, as above mentioned, the 
extent of the disease was first suspected, and a remedy attempted. It had before 
been observed that the giving of an engine * lead * tended to improve its speed when 
travelling, already at a high speed, and with a light load. The circumstance was 
tttributed to the opening of the steam-port being wide at the time of commencing the 
itroke^ thereby increasing the facility for the entrance of the steam in following up the 
piston. Its true explanation was found to be the earlier release of the waste steam, 
and consequent diminution of resistance. As sometimes three-eighths of an inch, or 
even half an inch, * lead * was given in passenger engines, it was decided to try the 
eisct of opening the exhausting passage earlier by the same amount, whilst the steam* 
port should still be made to open only at the turn of the stroke. An engine called 
the ' Lightning ' was chosen for the experiment. By placing the valve on the ports, 
to as to allow the exhausting passage to be three-eighths of an inch open, the steam-port 
vould be at the same time a quarter of an inch open. This space, therefore, was 
dosed by adding to the length of the valve at each end a quarter of an inch. The 
eeeentrie was of course shifted on the axle to correspond with the alteration, and 
the engine with the altered valve was again set to work, in March, 1838. The 
amount by whidi the valve at each end overkps the steam-ports, when placed exactly 
orer them, is technically termed the 'lap.' The lap of the 'Lightning's' valve 
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being, then, three-eighths of an inch, the exhausting passage was abont three* 
eighths of an inch open when the stroke was finished. This engine was made the 
subject of seyeral experiments. With coach trains, the saving in fael was Tery con- 
siderable ; the oonsomption, whilst ranning, being only about 25 lbs. per mile with 
loads of 5 to 8 coaches, and the speed was considerably improyed. 

It here becomes necessary to refer to the consumption of the Liverpool and Man- 
chester engines before and at the time we speak of, in order to form a just oonoeption 
of the position arrived at. The amended performance of the 'Lightning' was 
little better than the best performances at the end of the year 1830. The ' North 
Star,' * Fhosnix,' ' Arrow,' and * Meteor," engines of that period, when in first- 
rate condition, and expressly put upon trial, consumed about 25 lbs. per mile ; but 
this was with loads of only i carriages, and at a very inferior speed. 

Again, in June, 1832, the 'Victory' and 'Planet' were burning about 30 lbs. 
per mile, with coach trains. In 1833 the 'Sun' and 'Etna' used about 28 lbs. 
per mile. This is their consumption when actually running — %,e,, their net eon- 
sumption. 

The experiments of M. de Fambour, in 1834, were carefully conducted, and may be 
fully relied upon. In his ' Treatise on Locomotive Engines' (2nd edition, page 312, 
1840), he gives a table, by which it appears that the best performances of the best 
engines, as the 'Jupiter,' was 26 '3 lbs. of coke per mile, with 8 coaches, at 24*58 
miles per hour ; and the best performance of luggage engines, 38 lbs., with 25 
waggons (=120 tons), at 17 miles per hour. This was their net consumption. The 
distinction between the total amount of fiiel consumed by any engine, and the fuel it 
consumes when actually running, must be carefully borne in mind. It will be 
marked by the terms net and gross consumption. Coke must be burnt in raising the 
steam, and afterwards in keeping it up during the intervals of rest, which, therefore, 
enters into the gross but not into the net consumption. In 1836 and 1837 larger 
engines were gradually introduced to replace the smaller class, which had become 
insufficient for maintaining the higher rate of speed then demanded ; and their 
increased consumption of fuel was commensurate with their increase of mxe. 

For an idea of the general effect attendant upon their introduction, the following 
table, showing the coke consumed in several consecutive years, may be consulted : — 

11,561 trips in 1835 = 7,907 tons coke gross. 
12,063 „ 1836 = 9,876 „ 

12,953 „ 1837 = 10,816 ,, 

Thus, during three years, when the change went on, although the work done 
increased only in the proportion of 100 to 112, the consumption of fuel increased in 
the proportion of 100 to 136, without any material difference in the magnitude of the 
loads. 

In 1838 and 1839 the average consumption attained its maximum, being abont 
49 lbs. x)er mile gross, with passenger trains averaging 7 coaches, and 54 lbs. per mile 
with luggage trains averaging 16 waggons. 

Forty lbs. net consumption with coach trains was moderate for such an engine as 
the 'Lightning*; and the performance of the 'Lightning' when altered, bang 
under 30 lbs. net, was naturally considered favourable. This result was evidently 
obtained from the earlier exhaustion of the steam ; whereas, previously, the opening 
of the exhaustion passage was contemporaneous with the termination of the stroke^ 
now it took place before, and was already three-eighths of an inch open at the end of 
the stroke. A portion of the steam could by that time escape, and the back pressore 
was diminished. The valves of two engines called the ' Bapid ' and ' Arrow ' wen 
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liexi altered to Bayo three-eighths of an inch lap— the < Rapid* in January, the 
'Arroir* in Jane, 1839. Daring the last quarter of the year 1839, the gross con* 
sumption of the 'Rapid' was 36 J lbs. per mile, and that of the < Arrow* 40 lbs. 
per mile^ and the net consumption probably about 80 and 38 lbs. 

* Arrow* valve vnth three-eigluhs of an inch lap. 

Week ending— cwt. qrs. lbs. 

Jannary 4, 1840—12 trips of 30 miles . 130 

„ 11, „ —12 „ „ . 127 2 



24 257 2 

cwt. qrs. Ibfl. 
Consumption per trip • . , . 10 2 25 ihs. 

II }> niile 40*1 

Valve with three-fourths of an inch lap. 

Week ending— cwt. qrs. lbs. 

February 9, 1840—10 trips of SO miles . 88 8 

March 7, „ — 8 „ „ . 71 1 



i> 
II 



21, „ —14 „ „ . 118 8 

28, „ —16 „ „ . 137 2 



48 416 1 

cwt. qrs. lbs. 
Consumptioo per trip • . . . 8 2 19 



It )} 



mile 82*4 



Difiference • . • , . 7*7 

Here was a confirmation of the principle first recognised in the case of the ' Light- 
ning ;* and it became a question how far this principle might be advantageously 
earned out, and whether the exhaustion might not be made to take place still earlier. 
This eould not be accomplished without at the same time cutting off the steam 
eailier ; or, in other words, by virtually shortening the stroke. The fear of impair- 
ttg the power of the engine at first deterred from venturing the experiment ; but at 
length a trial was made in the 'Arrow,* whose valve was altered to have }ths of an 
inch instead of fths of an inch lap at each end. Since the travel of the valve 
remained as before, the valves did not open quite full port, but only |ths of an inch. 
In Febmazy, 1840, the alteration was effected, and an immediate reduction of nearly 
8 lbs. per mile was the result. The gross consumption of this engine, with coach 
trains, was 40*1 lbs. before the alteration; it was only 32*4 lbs. after it. A saving of 
20 per oeni. had been effected : but, at the same time, no injurious effect was observed 
upon the power, but rather the reverse. 

An invention, which was made a little before the time we now speak of, tended 
more completely than anything had hitherto done to shew the impossibility of fixing 
any ultimate determinate standard of consumption, and consequently gave a consider- 
able impulse to the further improvement of the engines. This was the patent 
expansive valve gearing of Mr. John Gray, as applied to the ' Cyclops,* an engine of 
the same dimensions and make as the ' Lightning.* 

This engine underwent a thorough repair in the summer of 1889 ; and in October, 
soon after it came out, was made the subject of an extensive series of experiments. 

The alteration consisted in the adaptation of particular mechanism for working the 
valves^ whereby the engine-man was enabled, without disturbing the regulator, to vary 
at pleasure the quantity of steam admitted into the cylinder within the limits of a range 
TOL. nx. L L 
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ihe porU 1| inch wide. In casting new eylinden, great care waa of eontae taken io 
enlarge the area of the passages of exhaostion, moat of the older enginea having been 
too mnch contracted at thia part. Attention to thia point ezerdaed a farther 
beneficial effect in saving faeL 

E?ei7 step towards increasing the 'lap * was fonnd to conduce to the good working 
of the engine. The waste steam was no longer choked up in the cylinder; ita pre- 
judicial resistance was remoredy and, in consequence^ a much less quantity of ateam 
and fuel sufficed to do the same useful work. As a further consequence, the area of 
ihe blast pipe could be enlarged without risk of a deficiency of steam, the ooke wai 
no longer chafed by tiie riolenoe of the draft, and the fire-bars could be placed doaer 
togetiier, to diminish the loss of fuel dropping between them. 

Having considered the effects of the old and the new valTe with referenoe to the 
motion of the piston, it may be interesting also to compare the times allowed in either 
case for the performance of the function of releasing the steam, as by so doing we maj 
gain a clearer conoeptbn of the difference subsisting between them. 

Supposing the velocity of the engme to be uniform, the angular velocity of the eraik 
is uniform also. Half a revolution of the crank, equal to 180*, corresponds with one 
stroke of the piston. Let us assume the stroke, or, which is the same things a half 
revolution of the crank, to be accomplished in a unit of time. 

We shall find as a matter of £sct^ from the known relative motiosi of the erank aid 
piston rod, that the angular motion of the crank from the initial or dead point has 
been as follows, up to the moment when the exhaustion passage begins to open^ the 
valve being set without lead* 

Angular motion of crank Remaining to be 

from dead point. passed orer. 

Valve with inch Up . • . . 0* to 180* . . . .0* 

„ i „ . . . . 0" to 165' . . . . 16» 

„ I , C'tolSS' . . . .22* 

„ 1 „ . . . . O'tol53'* . . . . 27* 

Therefore the times are as 

iJo corresponding with Old valve, 

^ >i Lightning's, 

a »i Arrow's, 

1% ,1 New valve, 

or as the numbers 0, 15, 22, 27 which represent the reUtive times allowed ibr 
performing the release of the steam by the four different valves. 

There is of course a limit to the application of this principle. The time gained for 
exhaustion is time lost, as regards the application of the power of the steam : in other 
words, the sooner we begin to exhaust, the sooner we must out off the steam, the 
more we must reduce the length of the effective stroke. 

Finally, a point is arrived at where the loss of power from earlier cutting off ia 
equalled by the illegitimate resistance of back pressure removed, and up to this point 
we cannot do wrong in going ; for then, without impairing the useful power of the 
engine, we are saving all the fuel necessary to overcome what would otherwiaa be 
back pressure. Li practice it is found, that under an equal pressure of steam the one 
inch lap does not impair, but rather improves the tractive power of an engine when 
travelling irith a maximum load, and not more, therefore^ with any load short of the 
Buudmum. 

III. Losifrom Bentlanee of Atmosphere agaimt the Pitton. 
SUe is a loon inddsntal to all forms of the non-condenaing engine ; but ita amoimt 



STEAM ENGINE^ LOCOMOTIVE. 509 

Inries relatirelf io the nsefal e£feet produced, according to oireamstanoes oyer which 
the engineer has in aome measare a control, and it rests with him so to proportion the 
dimenidons of the cylinder, and the speed of the piston to the resistance required to 
be orereome, as to render the loss the least possible. 

After the exhausting passage has been fully opened, and before the piston b^^s 
its stroke anew, the cylinder, being now open to the atmosphere, is filled with steam 
equal, at leasts to the pressure of the atmosphere ; which pressure therefore has now 
to be driven before the piston. The quantity of steam expended in neutralising the 
pressure of the atmosphere for one stroke of the piston is a Tolume equal to the eon- 
tents of the cylinder at a density corresponding with the pressure of 14 '7 Ks. per 
square inch, and the Yolume of water necessary for producing it is equal to n^^ 
part of the rolnme of such steam. 

The evaporating power of any given boiler being limited, it is easy to see that the 
area of the piston and the velocity of its motion mnst bear a direct reference to the 
rate of evaporation ; for otherwise a result ranging between the two following extreme 
eases may occur : either the volume measured out by the pistons in a given time may 
be smaller than the boiler is competent to fill with steam of the requisite density,— in 
which case the pressure in the boiler will increase, and the excess of steam will escape 
through the safety valves, — or the volume measured out by the pistons in a given 
time may be so great as to reduce the pressure until it scarcely exceeds that of the 
atmosphere ; in which case the force of the steam generated is nearly wholly absorbed 
in OTereoming the atmospheric pressure on the pistons. 

In fixed engines, working as they generally do nnder nearly constant loads at nearly 
unifarm velocities, the relation between useful effect obtained and the work expended 
in nentnlising the pressure of the atmosphere, seldom varies, at least not sufficiently 
so to attract attention ; bnt in locomotive engines the tendencies towards the above- 
mentioned extremes are more strongly marked, in consequence of the great variation 
in load and speed to which they are constantly subject. 

In any non'^ondennng engine we may conceive the duty of the water evaporated, 
ind therefi>re of the fuel which produces the evaporation, taken irrespective of waste, 
•s divided into two parts, one of which is constant for equal spaces traversed by the 
piston or by the engine, the other variable and dependent upon the load. 

If we take as an example the Liverpool and Manchester passenger engine of 1840 
to 1845y with 12-inch cylinders, 18-inch stroke, and 5-feet wheels, and take one mile 
SB the unit of distance traversed, we find the volume of steam expelled to be 

836 revolutions x 4 cylinders fall x 1*162 cube feet = 1562 cube feet per mile. 

With the ordinary loads of say seven or eight coaches, about 15 lbs. of coke are con- 
nuned, and (15 x 7|) 112 lbs. of water. 112 lbs. of water converted into 1562 cube 
feet of steam has its volume increased 869 times, which answers to a pressure of 
SO '5 lbs. per square inch as the average total force applied to the piston. Of this 
total force 14*7 lbs. are expended in neutralising atmospheric pressure, and the 
remainder only to overcoming the external resistances of the engine and train. Here 
loss from inressure of the atmosphere is as great as the useful effect. 

Apply the same engine to the conveyance of a heavier load, say a luggage train of 
100 tons : the consumption of water now becomes 150 lbs. per mile instead of 11 2 lbs. 
•8 before, with the lighter load ; but the steam used in overcoming atmospheric 
pressure is the same. 

The relation between the total work of the steam and the useful effect has therefore 
ehaoged from the ratio of 

100 : 50 in the 1st case, to that of 
100 : 62 in the 2nd case. 
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Suppose the area of Uie cylinders of the same aigme redaeed to hatf their original 
sise, all other parts remaining the same, but the working pressure increaaed to make 
up for the redaction of area ; then the loads beiog as before, the relation of total work 
to nsef al work will be as the ratios 

100 : to 74 in the 1st case, 
100 : 80 in the 2nd case, 

which is eqniTalent to a gain of about 20 per cent. ; or if we suppose the area of the 
cylinders to be doubled^ the ratios would become as 

100 : in the 1st case, 

indicating that no useful effect is obtained, and that the whole of the steam is implied 
to the neutralising atmospheric pressure, and as 

100 : 24 in the 2nd case. 

The practical considerations which limit and determine the proper proportions of 
the cylinder and wheeb are chiefly these : — Ist, The most convenient maximum 
working pressure, having due regard to safety ; 2nd, The Tnaiimum resistance to be 
encountered by the engine, say at starting or at any stage of its journey ; 8rd, The 
surplus power in excess of maximum resistance, as necessary for obtaining a sufficiently 
rapid acceleration of speed after starting a train. 

The evaporating power of the boiler must necessarily be a function of the speed to 
be maintained under the conditions of the average resistance. 

In engines of different proportions, the '' constant ** consumption of water and fuel 
will vary directly as the square of the diameter of the cylinder, directiy as the length 
of stroke, and inversely as the diameter of the driving wheels : in other words^ it will 
be proportional to the volumes of steam measured off by the cylinders in traversing 
the same unit of distance. 

Computing the ''constant" consumption for three uses of engine, vix.^ 

No. 1. The Liverpool and Manchester ) 

passenger engine, above re- > 12" cylinder, 18" stroke, 5'fl. wheels^ 
ferred to^ • • . . ) 

No. 2. The larger and standard sixe] 

ham, and Manchester, . • ) 

No. 3. The Oreat Western BaUway ) 

passenger engine, * Great > 18" cylinder, 24" stroke, 8-fl. wheels, 
Britain,* . . • , ) 

we have 

No. 1, consuming 57*26 Its. of water per mile^ and 7*63 lbs. of coke per mile^ 
No. 2, „ 82-83 „ „ 11-04 „ 

No. 3, „ 107-36 „ „ H-31 „ 

(allowing 7^ lbs.* water to 1 ft. coke), before any effective work can be obtained £3pom 
the steam. 

It would be impossible to prescribe any general solution of the problem of the 
proportions of the cylinders and driving wheels of engines, seeing that very various 
and complicated considerations are involved, referring to conditions imposed by the 
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iMtiirt and amoant of the traffio ; as, for eiample, the extent to wluch it muBt be 
sabdiTided into indiyidual trains, — the speed at which it hai to be conyeyed, — 
iiie gradients of the railway. NeTertheless, it may be borne in mind that the 
greater the pressure at which the steam is made to act in the cylinders, and 
the smaller thb ToMme of ste&m emitted' on the journey, the* greater will be the 
saving in fuel. ' * * . . 

Generally speaking, the pressure of steam in the cylinder is much below the 
pressure in the boiler when the engine is trayelling at a high speed. 

On starting a train, or for enabling it to surmount an occasional steep inclination, 
it is most desitable to hate large cylinder^, to gain the requisite amount of power ; 
bnt when the speed has been attained, or the incline surmounted, the force is 
rednoed, the steam becomes attenuated in the cylinders, and the large cylinders 
are the direct occasion of waste of fuel, and in fact prevent the attainment of as 
high a velocity as would result imder the same circumstances, were the cylinders 
smaller. 

The contrivance of some easy method of varying the power of an engine whilst in 
motion is still a desideratum. 

In one way, indeed, this is already in many instances done by cutting off the steam 
at different points of the stroke, and working expansively ; but considering the com- 
paratively low average pressure which the steam assumes in the cylinder at high 
speeds^ and that it cannot be allowed to expand heUtw the pressure of the atmo« 
sphere^ — also that the last atmosphere remaining in the cylinder has not taken any 
part in the '* effective ** duty of the engine, but is, so to speak, thrown away, whether 
the engine is worked expansively or not^ — ^it seems very doubtful in theory, and the 
results of praetice would seem to confirm this view, whether any real advantage is 
gsined by the so-called expansive working. 

Some simple and inexpensive means of effecting a condensation of the Uut remain- 
ing atmosphere of steam, reserving the excess above one atmosphere for producing 
the blasts combined with the means of working expansively, would effect all that is 
desired, and at the same time permit a reduction in the size and weight of the boiler 
andeaginew 

IT. Lot9 a$ ariiwgfrom imperfect CandeMotwnt and from heat carried qff hjff and 

not recovered from, the condeneing Water, 

In the condennng engine, the heat abstracted from the steam is imparted to the 
ii^ection-water, and to the water surrounding the condenser, and the temperature of 
the condensing water is elevated. The resistance to the piston, per unit of surface, 
after condensation has taken place, is equal to the tension of saturated steam, as 
answering to the final temperature of the injection-water. 

At a temperature 60"" F. the force of vapour is 0*26 lb. per square inch. 

„ 80" P. „ „ 0-50 lb. „ 

„ 100* P. „ „ 0-93 lb. „ 

„ 120- P. „ „ 1-65 lb. „ 

140-P. „ „ 2-88 lb. „ 

In eemdensing a given weight of steam, the greater the quantity and the lower the 
temperature of the injection-water used, the less will be the tension of vapour, and 
OQBsequent oounter-ivessure. 

In pnetioe, a final temperature of 120"* P. in the injection-waters 1 '65 lb. pressure 
per square inob, may be eoDsidered an average result SuppoM the initlai temperfttue 
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to be 52", the quantity of injection-water admitted must be at least 15 times the 

weight of steam condensed ; for 

Units of beat 
In 1 ft. of steam there exists, as measured aboTe the freexing point 

(82'' P.) • . 1152 

From this deduct 120° -32 8S 

The difference in the number of units of heat abstracted from the 
steam to reduce it to water and Tapour at the final temperature of 
120'' ?.= ..•.....»• 1064 

To CTcry pound of the cold injection- water (120°— 52'=) 68 nnits of heat are 
added; consequently 1064—68 » 15*6 lbs., the weight of water required to eon- 
dense 1 lb. of steam, about ^gth part of the heat imparted to the injection-water, when 
pumped out of the condenser, is restored to the service of the engine : the re m a inin g 
^{ths go to waste. 

It has been ingeniously proposed in a recent patent, that of Mr. Siemens^ to 
obyiate much of this loss by employing a peculiar form of condenser and arrange- 
ment of the valves, by which the steam issuing from the cylinder shall be pre- 
sented in successive portions to a range of compartments in the condenser, in 
such order that the hottest steam comes in contact with the hottest condensing 
water; the next portion in contact with cooler water, and so on, until the last 
expansion is condensed with water of the temperature at which it can be obtained ; 
a series of operations which, although strictly consecutive, may be conoeived as being 
practically simultaneous. The injection-water entering the condenser at a temperature 
of 52* would issue from it at the boiling point, and be pumped from thenoe into the 
boiler at a temperatoro 92° higher than it attains in the usual manner, effecting a 
oorresponding saving of fael, besides accomplishing a more perfect condensation. \nth 
the aid of such an apparatus, it has been also suggested to render the preeent non- 
condensing engine partially condensing by the use of a Tery limited supply of con- 
densing water, allowing part of the steam to escape in the usual way through the 
eduction or blast pipe, and to condense only the remaining volume of steam as at^ or 
below, the atmospheric pressure. 

The injection- water entering at 52** and issuing at 212**, would carry off from the 
steam 160 unite of heat. Those portions of the steam which condense at 52% or at 
other temperatures heloto 212°, act the part of condensing toaier in the sucoesaive 
compartments of the condenser, until finally the condensed steam issues from the last 
compartment at 212°. Consequently the condensed steam merely gives up its latent 
heat, 972 units (1152°— 180°), and the proportion of condensing water to steam would 
be as 972 : 160, or as about 6 : 1. 

Beverting, for the sake of illustrating the general case of a non-condensing engine, 
to the case of the locomotive with 12-inch cylinder, 18-inch stroke, and 5-fti. wheels^ 
we have seen that the weight of steam passing through the cylinders per mile for 
neutralising atmospheric pressure was 5 7 '26 lbs. To condense this (57 '26 x 6 = 344 lbs. 
or) 35 gallons of water per mile would be required. Supposing the engine to be 
working with a load equivalent to a total pressure of four atmospheres on the pistons, 
the water evaporated to supply steam of that pressure would be, exclusive of waste, 
(1562 cubic feet of steam divided by 474, the relative volume of steam at that pres- 
sure to its producing water, =3*3 cube feet, or) about 20 gallons per mile. The 
boiler would be supplied with 20 gallons per mile (plus whaterer might supply waste) 
from the water at boiling point derived from the condenser, and the remaining 
V^ gallona (or less) of heated water would go to waste. If such an additional supply 
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of water could be maintidned without inconTenienoe, the adrantages resulting would 
he— 

Ist^ An ioerease of effective power in the engine in the ratio of 8 atmospheres 
to 4 atmosplftres, for the tame quantity of water evaporated or fuel used, Irre* 
spective of any benefit from expansive working. 

2ndly, The opportunity of working the steam expansively to a greater extent 
than has hitherto been practicable. 

anfly, That the boiler is fed with hot water. 

810IIOV n. — PRlOnOAL OBSBBVATIOKS OH BXSISTIHCES TO AIILWIT TILAIirS.* 

Hetutances on the Narrow Qauge, 

Table YIL (p. 533) is taken from Mr. Wyndham Harding's Paper 'on the Besist* 
inces to Bailway Trains at different Velocities.'— (Fief « article 'BaUway,' p. 241.) 
This Table contuns very full explanatory data to each experiment, which are not 
necessary for general information ; but those who are desirous of fully investigating 
the subject for themselves should refer to the original Paper for full details of the 
iummary given in the present Table. 

The formula based on these experiments, furnished by Mr. Scott RusseU, was 
adopted by Mr. Harding, '* simply as an empirical formula, in order to see how far it 
agreed with the fitcts furnished by experiments made, as has been explained, by dif- 
ferent persons at different times," and is thus described by Mr. Harding : 

" The formula is very simple, and is based on the doctrine of the causes of resist- 
saee to the advance of railway trains being divisible into three classes. 

" The first class of resistance is what is understood by friction, and is constant at 
an velocities. 

" The second class is what is understood by frontage resistance, and increases as 
the square of the velocity in miles per hour, the resistance at one mile per hour being 
]^Ih. per square foot of frontage. 

"The third class of resistances may be termed, for want of a better word, resist* 
anees from concussion : the existence of such a class of resistances is indicated by 
the ooneussions and vibrations clearly perceived by a train in rapid motion. This class 
^ reastanoes is held to vary in the simple ratio of the velocity. 

" GalHsg the friction 6 lbs. per ton, the number of tons weight of the train =» T, 

the vdodty of the train in miles per hour = V, the resistance per square foot of 

frontage at l^mile per hour ^ *0025 lb., the resistances from concussions in pounds 

y 
per ton of the load at 10 miles per hour and above = -r-t, the number of square feet 

o 

in the frontage of the train = N ; the formula giving the resistance in pounds per ton 
((^ the weight of the train) is 

^ V (V X -0025 X N) 

^+8+ T •• 

"The results which this formula gives are shewn in the last column of the Table* 
When an engine runs with a train, the friction of the engine is taken at 15 lbs. per 
too of its weight. 

"It will be seen that the results of the formula are somewhat higher than those of 
the experiments at the lower velocities, for which it is not difficult to account. In the 
higher range of velocities, where the formula is better tested, its agreement with tha 
experimental results is very close. 

■^ - . - , ,. - ■ __ . ■■ ii - i i_ -L _ ■ -rr-L --L • "^ * 

* FromapaporbyHr. JohnSewellfCE. f The divisor 3 is assumed. 
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'< It appears that it applies well to passenger trains from 20 tons to 64 tons ▼aghi» 
and from 30 to 60 miles an hour. 

'< Table II. affords the means of readily obtaining the resistances in Iba. per ton 
(according to this formula) of trains of passenger carriages traTeBing at aqy speed 
between 10 miles and 61 miles per hour.*' 

The method of applying this formula and Table II. will be best explained by 
examples. 

Having the velocity, weight in tons, and frontage in square feet giren, — ^to find the 
resistance. 

1st. Multiply the weight in tons by 6 lbs. for fricUon resistance. 

2nd. Multiply one-third of the velocity by the weight of the train in tons, for the 
concussion renstance. 

8rd. Multiply the square of the velocity by *0025 fts., and multiply that prodoei by 
the number of square feet of frontage, for the atmospheric resistance. 

4th. Add together these three resistances, and divide the sum by the weight of the 
train in tons, which will give the resistance in lbs. per ton. 

Ex. — Taking a train of 2\\ tons, with a frontage of 60 square feet, and a vekieitj 
of 35 miles per hour, — required the resistance in lbs. per ton ? 

Weight 21*5 X 6 . . . =129 = friction resistance. 
Velocity ^ x 21*6 . . = 249*4 = concussion resistance. 
Frontage 60 x '0025 x 35^ = 183*7 = atmospheric resistance. 

Total resistance = 5621 «- - «, 

TIT • u* • * "irrr = 26*1 lbs. per ton. 

Weight m tons = 21 '5 

To find the horse-power of the engine, — Multiply the total resistance (Just foimd) 
by the velocity of the train in feet per minute, and divide by 33,000, which will give 
the horse-power. 

By Table I. — At a speed of 35 miles an hour, the velocity is 8080 feet per 

minute : hence total resistance = — = 52*46 horse-power. 

uvOuO 

By Table II. this operation is readily performed. 

Taking the same data as last example, and referring to the Table for 85 mOea an 
hour, we find it is not given ; but the mean between 34 and 36 miles wHl be suffi- 
ciently correct for our purpose, and it gives 17 '6 lbs. for friction and conensrioB 
resistance. For atmospheric resLstance the mean is 30*6 lbs. per square foot. Henee 

30*6 X 60 

— —-^ — = 8 '5 lbs. per ton for atmospheric resistance, which, added to 17'01ba.| 

gives 26 *1 lbs. per ton of resistance, as before. 

-, t 26*1 X 21*5 X 3080 ^« ,^ , 

For horse-power, ^ = 52 '46 horse-power, as before. 

This Table, therefore, facilitates the various calculations of resistances as found by 
Mr. Scoti Russell's formula. 

To prevent mbunderstanding, it will be best to quote Mr. Harding's obBerratioBi. 
He says, << Engineers are particularly reminded, that the resistances of whiek tbe 
present Paper treats must be understood to be the resistances, in calm weather, of 
engines and carriages of the ordinary construction, in good repair, on a railway abo in 
good repidr. 

'' In actual practice, various circumstances will arise, as side winds, want of repair, 
or adjustment in the carriages or road, sharp curves, &c. ; all which tend to make the 
reottaacet more than the experiments shew/' 
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• RaUtances on the Broad Gauge. 

VarionB experiments made to ascertain the resiBtances to railway trains at different 
relodties were conducted by Mr. D. Gooch on the Bristol and Exeter Railway, in 
order that he might answer the queries scut to him, and also to other Engineers, by 
the Bailway Commissioners. 

Mesnrs. Stephenson, Locke, M'Connell, and Trevithick, in their replies on this 
pointy referred to Mr. Wyndham Harding's Paper *'0n Besistances to Bailway Trains," 
already explained ; but Mr. D. Gooch instituted and carried ont that yaloable set of 
experiments published with full details in the Appendix to the Bailway Commissioners* 
Beport to the House of Lords on Bailway Communication between London and 
Birmingham^ 

In these experiments are given, separately, the resistance due to the train, and the 
reastance due to the engine and tender preceding the train. This is an important 
step towards obtaining an accurate formula for estimating the resistances to railway 
trains of different weights and at different Telocities. 

The advantage of separating the engine and tender resistance from that of the train, 
in any general formula, will be evident by comparing its effects per ton on trains of 
different weights. 

Por instance^ taking two of the experiments in Table in., at nearly the same velocity, 

hut with difEerent loads, we have for 100 tons, at 56*6 miles per hour, the engine and 

2469 
the tender xeaistanoe^ .. .q.q lbs. <=» 16 '5 lbs. per ton over the gross weight of the 

train. For the 50 tons train, at 58 miles an hour, the engine and tender resistance » 

2085 
2QA.y 9m. =s 20*7 fts. per ton over the gross weight of the train. 

A similar effect is produced on trains at low velocities. For 100 tons, at 21*1 

807 
miles an hour, we have engine and tender resistance "= tTaT^ ^' = 53 lbs. per ton ; 

and for 50 toni^ at 21*8 miles per hour, the engine and tender resistance » 

973 

"■jgTj 9>8. = 9*8 fibs, per ton. 

It appears from this that the effect is about 4*2 His. per ton for the high velocity, 
and 4*5 fta. per ton at the low velocity, greater resistance from the engine, over the 
ipolglit of the light train than over that of the heavy one.* 

The great amount of power absorbed by the engine itself is quite prominent 
throughout the whole of these experiments. Column 4, Table IIL, shews the resist* 
of the engine and tender considered as part of the train. Column 5 shews the 
ranstanee of the machinery of the engine after deducting the resistance due 
to tlie flogiM and tender at the ratio of the train resistance. 

The lesistanoe of the machinery, however, admits of explanation. The connecting 
lods watt of counderable weight, and freely suspended between the crank and eross- 
liead. With a 8-leet stroke (that of the 'Iron Duke* class), the heavy end of the 
eooBeetiDg rod travels through a space of 6*283 feet each revolution of the wheel, 
lad fbr two conneeting rods gives 12*566 feet for each revolution ; while the other 
ends of tlie oonneoUng rods travel about 8 feet during the same time. 72 miles an 
hovr 11 about the maximmn speed of this class of engines with a moderate load. The 



* la the oomporatlvo Diagram of Resistances accompanying Mr. D. Oooch's experiments 
^ it ^eftriy shewn, sad is the reason why the lines of resistance of the 50 tons trains are 
^sh«r than those for the 100 tons trains. 
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driviDg wheels are 8 feet diameter, and the stroke being 2 feet, ^ves the ayerage 
velocity of the piston as 1000 feet i>er minute. The irregular motion of the ciank 
will, however, make the velocity of the piston in the centre of the cylinder aboat 
1500 feet per minute. The crank has at the same moment its greatest power, and the 
piston its greatest velocity, when the unbalanced centrifugal power and momentum 
of the connecting rod and crank change the direction of their forces. For instance, 
if the crank be on the top centre, and suppose that part of the connecting rod, with 
the crank to which it is attached, weighs no more than 560 lbs., we have this weight 
descending in a forward direction for 1*57 ft., and for the next 1*57 ft. descending in 
a backward direction, at an average velocity of 1575 feet per minute. Now if the 
weight is multiplied by the velocity, it gives 882,000fts. of mixed forces of momen- 
tum of the connecting rod and centrifugal force of the crank, changing the direction 
of its forces no less than eight times for each revolution of the driving wheeL As 
there are two connecting rods and cranks in motion to produce one revolution, conse- 
quently it requires two 
downward and for- 
ward, two downward 
and backward, two 
upward and backward, 
and two upward and 
forward changes of the 
'^y direction of the forces 

generated by the com- 
bined movement! of 
the crank and connec- 
ting rod. The dotted 
lines of the annexed 
diagram will shew 
what is meant by the 
different directions of 
the centrifugal force 
of the connecting rod 
\ and crank. The ar- 

rows indicate the 
direction in which the crank is moving, and the letters the direction of the forces. 
I>F= downward and forward. db= downward and backward. UB = upward and 
backward, u f = upward and forward. 

The above estimate and diagram are given for illustration only, as it requires oor* 
rect data to estimate the resistance accurately ; but they will give an idea of the 
nature of the resistance to be overcome at high velocities, above that of the blast and 
slides. 

When a locomotive piston travels at the average rate of 1000 feet per minnte^ the 
power absorbed by the unbalanced momentum of the machinery must be very consi- 
derable^ and, far more than the resistance of the atmosphere, limits the velocity 
attainable by any cUss of engines. Practical men have long sought to find a remedy 
for this unbalanced momentum ; and the higher the velocity, the more desirable it is 
that the piston and rod, the connecting rod and slide valves, should all be properly 
balanced. 

Mr. Heaton, Mr. D. Gooch, and Mr. MK]!onnell were for some time engaged 
irilili experiments on this subject ; and it was hoped that they would ultimately succeed 
Ib dffiring a pniotical remedy for the unbalanced machinery of a locomotive enginei 
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In practice it is found that the height of the driTing wheel, other circnmfitances 
being alike, decides the arerage speed for each class of engines. This may be taken 
as proof that it is the resistance of the machinery which limits the speed, and that by 
giTing it more ease^ an increased standard of Telocity is attained, corresponding to the 
ease given. Aecordingly, Mr. Stephenson, in his 8-wheeled class of engines, adopts 
a T-feet wheel, and Mr. Crampton, in his patent 8-wheeled engines, still further 
eaniea ont the same principle by adopting an 8-feet wheel with a low centre of gra- 
vity, both neeessary and desirable means for obtaining steadiness, speed, and safe^ 
on any railway. 

Those who hare travelled on locomotives at high velocities oonld scarcely fail to 
notice the rapid movements of the working parts of the engine without reflecting on 
the great i>ower required to produce and sustain that movement itself, independent of 
load. To them, the above explanation of the supposed cause of resistance will be 
clearly imderstood. To others, who may not have had such an opportunity, an ex- 
ample win beat explain it, and perhaps be the means of drawing both theoretical and 
practical attention to ascertain the value of such resistance, including the slide valves, 
the blast pipe, and compressed steam at high speeds. The ' Emperor * locomotive 
(<Mie of the 'Iron Duke* class) travelled from Didcot to Paddington, a distance of 
58 miles, with the ordinary express train, in 494 nunutes. The ' Great Britain,' 
with whioh the experiments referred to were made, is said to have run the same dis- 
tance in 474 minutes with the express train. The speed, therefore, was not an 
extreme one throughout, as no effort was made to obtain a high speed, bvt the engine 
was worked in the ordinaiy way. 

The day was calm, but cloudy, and a higher speed was expected along the good 
straight road from Twyford to Maidenhead, but it was comparatively little increased. 
The steam was blowing off^ and the fire-door was opened to check it. There was no 
tide wind, for it was in a cutting, and the only atmospheric resistance was that due 
to the Telocity. The load was about 60 tons : the speed was at the rate of from 70 
to 72 miles an hour — a high speed, it is true, but the question immediately suggested 
itsel/^ — Whjf under such &vourable circumstances, was the speed not higher ! — 
dieiting only another question, — ^Where lay the limiting resistance to a higher speed t 
for there was clearly an equilibrium between the power and the resistance. The 
answer which occurred was this, — that it was the unbalanced machinery, the un- 
bahmced slide valves, the effects of the blast, and of the steam compressed in the 
qrlinder, which mainly limited the speed to 72 miles an hour. 

If this be a correct view of the limiting cause of the speed of locomotive engines, 
it follows that increased velocities must be sought for by giving greater ease to the 
maehinerT, al(mg with increased boiler and cylinder power. The investigation of 
Mr. D. Gh)Och*s experiments seems to confirm this conclusion, and it is submitted 
sow with the view of drawing the attention of future experimenters to determine its 
value as a principal resistance to railway trains at high velocities. 

In submitting^ therefore, an abstract of Mr. D. Gooch's experiments, the practical 
{oestion has been kept clear from all other considerations, and the indicator and 
dynamonieter resistances only investigated : these, being taken by competent and 
impartial persons, are valuable as data of resistances to railway trains under similar 
drenmstances. The shortness of the distance experimented upon is the only drawback, 
bat it renders the minutest error visible in the tabulated results in the Beport to the 
House of Lords ; and where these were observable, they have been omitted in taking 
the averages j^ven in Table III. As the weather was very unfavourable for experi- 
sienting when they were made, they may be fairly regarded as giving average 
waistancet on a calm day, and everything in good working order. 



518 STEAM ENGINE^ LOCOMOTIVE. 

In Table III. tbe indicator and dynamometer reustanoes are giren scparatel/ for 
the engine and train, and combined for the gross load. The first twelre oolomns are 
practical, and the headings will explain them : the next two columns are explanatory 
of the drcumstanccs occorring when the experiments were made : the last nine 
colnmns are theoretical, calculated from a formula which will now be explained. 

The resistance for the engine and tender, it will be observed, inoreasea in the ratio 
of the Telocity, regulated, howeyer, by the load. Commencing at 5^ Ibt. per ton at 
I mile an hoar, the ratio of the increase is '5 lb. per mile per hour. From this we 
have the Telocity x *5 + 5 = resistance of engine and tender per ton for their 
own separate resistance. The additional resistance to the engine from the atmosphere 
and load is taken as the square of the Telocity x by the weight of the train, and by 
•00004, to be added to the preceding for the resistance per ton, and multiplied bj 
their weight for the total resistance of the engine and tender in lbs. It may be thus 
stated : 

Velocity x *5 + 5 + Telocity- x weight of train x '00004 = engine and tender 
resistance per ton. 

By this formula columns 19 and 22 are calculated. 

The atmospheric resistance is taken as increasing in the ratio of the square of the 
Telocity in miles per hour, regulated by the bulk of the train. 

Alessrs. W. Harding* and D. Gooch have both adopted Pambour's theoiy of firoatnge 
as the measure of atmospheric resistance. Regarding, howcTer, the experiments 
made by Dr. Lardner for the British Association as more satisfitctory than those made 
by Fainbour, and the conclusions f of Dr. Lardner as supported by hia experimenti^ 
they haTO been adopted in iuTestigating Mr. D. Gkoch's experiments. 

By combining the bulk and Telocity together in estimating the resistance of the 
atmosphere, results are obtained which Tary with eTcry Tarying load and speed, 
thereby fairly representing the disphicement of air by railway tnuns of all 
dimensions. 

For instance, the train with which these experiments were made, as shewn on the 
drawing accompanying them in the Boilway Commissioners' Beport, measures 276 feet 
long, which corresponds with the aTerage length of the carriages and intermediate 
spaces between them. Their width is 9 feet, and height of bodies 7^ feet; this gives 
276 X 9 X 7i ^ 18009 cubic feet of bulk for 10 carrisgcs weighing 100 tons. 
By rejecting the odd 9 feet, we have ISO cubic feet of bulk = 1 ton weight of 
passenger carriages. 



** >rr. Harding, althou^'h adopting tho frontoijc CBtiin.ito for the atmospheric rosi«tuioe to 
trains, yet clearly pointed out in his Paper (pngo 34) tho objection to this mode of cstinuitinf^ 
that iKirticuiir renstonco. lie says in conclusion, on this ix)iut, — "This objection points to 
the ncccs:jity c^f taking into accuimt, in cuni]xiriug resistances per ton of different trains, the 
composition of the trains, the resistances of which ore being compArcd, espedidly as to thirfr 
bulk or specific gravity, and other similar circumstances. It is not, howovcr, easy to ate 
what unit or cunimon uieuaurc could bo used in such comparisons which would bo so ood- 
vcuient or intclli>:iblc to cn;fuiccr8 as the ton weight." Tins unit 1 have cndeaToured to 
supply by the actual tiata t>f ISO cubic feet of bulk being equal to one ton in weight for pas- 
senger carriages on the broad gauge. The same unit will be neaiiy correct for the narrow- 
gauge passenger carriages also.— J. ii. 

t After making a number of exxteriments with various sized and 8hApc<l vdiiclcs, Dr. 
Lardner's conclusions on atmospheric resistance were, — 

*'That the' shape of the front or hind port of tho train has no observable effect on the 

resistance. 
**That tho spaces between the carriages of the train have no ol>scrvablc effect on the 

resistance. 
** lliat tho train, with tho ssuno width of fn.>nta^, suffers increased resistance with the 
increased bulk or Tolume of the coaches.** 
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There is ao little difference in the proportion of bulk to weight of carriages on both 
gaagei^ that the same ratio will, without material error, apply to both. The following 
ayerage dimensions and weights, taken from Mr. D. Gooch^s evidenoe as given in the 
Cfarage CSommissioners* Beport^ will shew how nearly they are alike. The height of 
the bodies only has been taken, as any atmospherlc^resistance to the wheels is more 
properly iiudaded with friction and oscillation. 



Broad gauge 
Narrow gange 






4' 



III 
Iff 



No. 
52 
21 



*» tJCo 






ewt 
78 

8U 




cwt. 
147 
80i 




cwt. 
225 
112 



Ayerage dtmfnsionB of 
carrUgM. 



Length 



feet. 
25i 
17 



Width. 



feet. 
9 

7 



Height 



feet 




cub. ft. 
1664 
838 



ra 



cub. ft. 
147-9 
148-8 



The spaces between the carriages make np the difference shewn by the tabolar 
bnlk per eanisge, and that obtained per carriage when forming part of a train. Until 
a more carefol inquiry shall determine a better ratio, the approximation of carriages 
on both gauges is so near, that 180 cubic feet per ton might be tried for the narrow 
gauge as well as for the experiments to which it is now applied. 

Independent^ howcTer, of Dr. Lardner's conclusions it is reasonable to assume that 
strain of the bulk of 18,000 cubic feet would experience greater atmospheric rcsist- 
snee than a irun of only one-tenth of that bulk. This, howeyer, is not recognised in 
the frontage theory, which, to make up for its apparent deficiency, even in the Comte 
De Pambour's experiments, included wheels, the eddying between the carriages, and 
(if it were fnUy carried out) should also have included the resistance from erery open 
CMrriage-window in a train. By taking the bulk for the measure of atmospheric 
re&stanoe^ it embraces all these in a much more satisfactory manner than can be done 
separate^, and for these reasons it has been adopted at this time in inyestigating the 
Ivosd-gai^ experiments. 

The atmospheric resistance is therefore taken to increase in the ratio of the square 
of the Telod^ in miles per hour x by the bulk of the train in cubic feet, and by 
'00002 as a co-efficient i)er ton of train. By this data column 16 is calculated. 

The frictioiii resistance is taken at 6 lbs. per ton, as seen in column 15. 

The oscillatory resistance is taken as increasing in the ratio of ^^th the Telocity x 
by the weight of the train only. Column 17 is calculated by this data. 

For what reason experimenters separate these two last resistances does not clearly 
^pear. Th^ are eridently the same resistance, increasing in the ratio of the 
Telocity only. Oscillatory resistance is mainly the increased friction of the axlo 
Waring against the collars of the axle, consequent upon the transyerse ribrations at 
higkTelocities. It is practically and forcibly exhibited in the wearing away of the 
ends of the axle bearings, which in many instances wear more rapidly than the top 
pirt where the weight rests upon* The bearing has then to be lengthened, or thrown 
aside as old metal. 

Such practical evidence is the strongest proof that the axle friction is not constant 
at an Telocities, but increases with the increasing velocity, and should be so estimated 
generally, as in Table IV. and in the 'Diagram of Resistances.* {See Plate.) 

In Table IIL they have, however, been given separately, the better to test the 
ftmnilai and also as an unit to start from, adopted by former experimenters and 
investigators of resistances to railway trains. 
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The formaU, therefore, by which the estimaied resiBtanoes in Table IIL and lY. 
are calculated is submitted as an empirical one only, and embraces, — 

Ist^ The engine and tender resistance, increasing in the ratio of the Telodtj for 
their own resistance, and in the ratio of the square of the Telocity, regulated by tlie 
load, for atmospheric and load resistance. 

2ndly, The atmospheric resistance of the train, increasing ai the sqaare of tke 
Telocity, regulated by the bulk of the train. 

3rdly, The oscillatory resistance, increasing in the ratio of the Telocity (estimated 
at one-fifteenth), r^^ated by the load. 

4thly, The friction resistance (for the reasons giTen, estimated at 6 lbs. per ton), 
regulated by the luad. 

It is, therefore, simple in its elements, and may be thus expressed. 

Galling the weight of the train in tons = T, the friction of the train per ton » 6 Ibs.^ 
the bulk of the train in cubic feet = B, the weight of the engine and tender =B, 
the Telocity = Y ; we haTe for a formula by which to estimate the reaiftanees 
separately, 

E x(yx*5 + 5+Y'xTx *00004) = en^e and tender renstance in lbs. 

y X B X *00002 = atmospheric resistance in Ibe. 

V X T 
— |T — = oscillatoiy resistance in lbs. 

Tx6 = friction resistance in Iba. 

These separate resistanoes, being added into one sum and dirided by the gross 
load, gi?e the estimated resistance per ton. Briefly it would stand thus : — 

Ex(Vx-6+6+V5xTx -00004) + (V» x B x '00002) +—.4-^ -^4^ 
= resistance per ton. 

The theoretical resbtances giTen in Table III. are from the aboTe farmnla, and 
their general agreement with the (somewhat irregular) practical results is satis- 
factory. 

Table IV. is also drawn up from this formula, to fiicilitate estimating the resistances 
of trains under similar circumstances on a leTel line, a calm day, and engine, 
carriages, and road in good working order. 

The Diagram * shews the same resistances as Table IV., exhibiting them separately 
for the engine and train. For the reasons already mentioned, lines of resistance for 
the engine and tender, with*Tarious loads, are also shewn separately. Being diWdfld 
into tenths of an inch each way, either miles or lbs. can be counted without the aid of 
a scale or instruments. The base line indicates the Telocity in miles per hour. The 
Tertical lines indicate the lbs. per ton at the point intersected by the line of resist* 
ance. Each tenth of an inch along the base line represents one mile, and each tenth 
of an inch on the Tertical lines represents 1 lb. 

As the additional resistance from the atmosphere and load on the engine and 
tender is only 2*25 lbs. per ton of the train, at a Telocity of 75 miles an hour, it is 
shewn in a separate diagram, where the miles on the base line are represented by 
tenths of an inch ; but the lbs. on the Tertical lines by hundredths of an ineh. Thia 
admits the resistance in hundredths of a lb. per ton to be counted without the aid of 
instruments. The resistance in lbs. per cubic foot of bulk is one-half of this additional 
resistance. 

^ Owing to the small scale of the Diagram, there is some irregularity in the train lines D, 
which is acddental, and not the result of the theory ; but Table lY. gives them coirectly in 
figures. 
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The resaltfl arrifed at in tills investigation, and embodied in the diagrams, demon* 
strate the necessity of a more perfect mechanical constrnction of the locomotiye engine, 
and fully explain what has been stated regarding the vast amount of power absorbed 
by the engine itself. 

The application of the Formula and Tables will now be explained by examples, as before. 

Haying the Telocity, weight of engine and tender in tons, weight of train in tons, 
and bulk of train (exdasive of engine and tender) in cubic feet, giveo, — required the 
engine and tender resistance, the atmospheric resistance, the oscillatory resistance, 
and the friction resistance, sei)arately ; also per ton of the gross load ? 

Ist, Multiply the velocity by -5, and to the product add 5 for the friction of the 
axles and machinery of the eugine. For the additional resistance of the atmosphere 
and load on the engine, multiply the square of the velocity in miles per hour by the 
weight of the train in tons, and by '00004. Add these together for the resistance in 
lbs. per ton of the engine and tender, and multiply by their weight in tons for their 
total resistance in lbs. 

2ndly, Multiply the square of the velocity by the bulk of the train (excluding the 
engine and tender), and by '00002, for the atmospheric resistance in lbs. due to the 
train. 

Srdly, Multiply the velocity by the weight of the train, and divide by 15, for the 
oscillatory resistance of the tmin in lbs. 

4thly, Multiply the weight of the train in tons by 6, for the friction resistance 
in lbs. 

5thly, Add into one sum these resistances, and divide by the gross weight of the 
train in tons, for the resistance in lbs. per ton of the gross load. 

Ex, — Taking a train of 100 tons, engine and tender of 49 '2 tons, velocity 56*6 
miles per hour, and bulk 18,000 cubic feet,— required the separate resistances, and 
the resiatance per ton of the gross load ? (See Table III.) 

For the en^e and tender resistance we have 

56-6 X -5+5 + 56-62 X 100 X -00004 = 461 lbs. per ton x 49'2=22C8*12 lbs. 

reustanoe for the engine and tender. 

In order to test the formula, it will be contrasted, throughout this example, with 
the experimental results. On referring to the Table it will be observed that the expe- 
rimental reslitanoe is greatest by 201 lbs. As the train was, however, subjected to a 
'strong ude wind,' the whole of the experimental results are greater than those found 
by tlie formnla. In other instances the resistances found by the formula are greatest. 
It is, therefore, by its general agreement with the whole of the experiments that it 
ihonld be tested, and not by any one experiment. The example now taken shews a 
<totaJ dilEerenee of 251 lbs. ; 201 lbs. of which are due to the engine, or about 4 lbs. 
per ton on the engine and tender weight, shewing that although the resistance of the 
engine ia estimated at a high rate, it does not api)ear to be in excess for ordinary con- 
tiBgnciee^ being too low for the effects of a side wind on the engine. 

For the frietion resistance we have 100 x 6 = 600 lbs. This, taken from the dyna- 

HMnseter resistance of 2180 lbs., leaves 1580 Ibn. to be divided between the atmo- 

^herie and oseiUatory resistances, and so limits the inquiry as to admit of no great 

error in estimating them. 

56-6x100 
For oKillatory resistance we have — ,g— - =377*3 lbs., which, taken from 1580, 

leaves 1202*7 lbs. 

For atmospheric resistance we have 56 6- x 18000 x '00002 = 1153*28 lbs., or 
49*4 lbs. less resistance for the train by formula than by the dynamometer, being 

T0&. UX. UJ2 
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within balf a pound per ton of tho weight of the train, although expoaed to a iide 

irind. 
Stated concLsclyi these calculations would stand thus : 

Ihs. Redfltanccs. 

5(J-C X -5 + 5 + 6G-62 x 100 x '00004 x 49*2 = 2268*12 = engine and tender. 
100 X 6 = 600 = MciioD. 

=3 877 "5 = OBcillatoiy. 

16 
56-6- X ISOOO X '00002 = 1163-28= atmoapheric 

4398-7 
Gross weight of train =■ ^aq.o ~ 29*48 9m. 

per ton of the gross load. 

The experimental resistance was 31 '16 lbs. per ton, the estimated remsianee 29*48 
Vbs,f or 1 'G8 tb. per ton of the load less than the former ; a near approximation to a 
train having the retarding influence of a side wind to contend against^ with four-fifths 
of this difference due to the engine. 

The formula, thcrcfoi:e, from which this estimate, Table IV., and the Diagram, are 
drawn up, appears to be sufficiently accurate for general reference for engineB and 
trains on the broad gauge of tho class experimented with by Mr. D. GK>och. 

As these experiments were made with an engine and tender weighing abont 50 tons, 
with 8 -feet driving wheels^ the line of engine and tender resistance per ton on the 
diagram will only apply to engines of the same general class and weight. The greater 
case to the machinery of an engine with 8-feet driving wheels over that of an engine 
with 6, 54, or 6 -feet wheels, is necessarily very considerable, as seen below. 

By Table YI. tho revolutions of an 8-feet wheel per milo are 210*1 timee^—of a 

6-foet wheel 280*5 times,— of a 5^ feet wheel 805*6 times,— and of a 5-feet wheel 

336*3 times ; consequently, for a run of only 60 miles, it gives 

No. of the cylindert 
Bcvolutions of the of steam to exhaust 
driving wheel. through tho blast ^pe. 

For an 8-feet wheel 210-1 x 50 =10505 or 42020 

„ 6-feet „ 280-6x50=14025 or 66100 

„ 5i-feet „ 305-6 x 50 =16280 or 61120 

„ 6-feet „ 336-3 x 50 =16815 or 67260 

As the resistance of tho machinery, slides, and blast increases rapidly in piroportion 
to the velocity of the piston and the number of exhausts of steam per minnte, the 
line which indicates the ^^th of the resistance due to the complete machine for gene- 
rating i>ower, with its machinery moving |, i, or f slower than the working parts o£ 
another power-producing machine, it is evident, would not indicate ^th of the rerist- 
ance due to the more rapid moving machinery of a lighter machine. The ratio of the 
resistance for tho latter machine would therefore be much higher than ^th of that 
due to the * Great Britain * class of engines. 

That the machinery of tho * Great Britain* works freely is beyond qnestion. Twiee^ 
with tho ordinary express ti-ains, this engine maintained an average Telocity of 
nearly 67 miles per hour over the 53 miles from Paddington to Didcot^ indnding 
starting from a state of rest until coming to the stopping platform again. The one 
trip was up gradients averaging 4 feet per mile, the other down the same gradioitik 
Tho trip up the gradients is generally run in least time : this arises from having 
to reduce the speed quite low on the down trip, nearly a mile from Paddington, 
which thus takes much longer time to run over than is fairly due to stopping at any 
other station. 
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Sixty-MTen miles an hour is about the mftxlmam average Telocity of the 'Irou 
Dake * class of engines. The * Great Britain * was made from the same drawings as 
the 'Iron Duke,* and the performances of the whole class are as nearly alike as those 
of any class of engines can be. A new class of engines of the same general construe* 
tion, but with 3 inches shorter tubes and 6 inches longer fire-box, appear, from the 
performance of the * Courier * (one of the now class), as reported in the Motmmg 
UenUd (although only newly out of the shop), to have equalled the 'Iron Duke* 
class. As the area of the blast pipe of the 'Courier' class is larger by about 
4 square inches than the blast pipo of the 'Iron Duke* class, it shews that the 
enlarged fire-box generates the same quantity of steam with less blast ; and as the 
increased size of the blast pipe diminishes the compression, it so far eases the piston 
that a proportionally increased velocity will be attained, with less consumption of 
foel, from the milder bhut on the fire. This consumption is as low as from 24 to 
26 Ebs. of coke per mile for running 1078 miles per week with the mail trains, and 
that for engines newly out of the workmen's hands. 

Begarding, therefore, 75 miles an hour as the maximum velocity of the best loco- 
moUve engines of tho day, the Table No. lY. and the Diagram of Besistanoes from 
the formula have been carried out to that velocity only. When a higher velocity is 
tttained, it will be by some improved arrangements of the machinery, slide valve, and 
blasts which would give a lower ratio of resistance throughout, and require new data 
to indicate the new line of resistance due to the superior arrangements of the power- 
producing machine. 

The line of resistance, therefore, which is applicable to the ' Great Britain' class of 
engines cannot be applicable to other classes of engines (irrespective of gauge), as 
finnn this investigation it appears that each different kind would have its own separate 
line of resistanee. As there is not so great variety amoDgst carriages as amongst 
engines, the ratio of resistance for the carriages would be more permanent than it can 
be for engines so variously constructed. 

The data for indicating the lines of resistance for locomotives of various descrip- 
tions are extremely limited. The Comte de Pambour clearly saw, and ably pointed 
out, the necessity of estimating the resistanoes separately. His experiments on the 
friction of loaded and unloaded engines were very good as far as they went, and only 
require to be fully carried out, to give the data necessary to lay down lines of 
Riistanee for any particular class of locomotives. 

In the Diagram of EesLstanccs the liues A and B indicate the mean resistance the 
Comte de Pambour found by experiment on engines from 8 to 11 tons weight ; bat 
be gives no data by which to trace the direction of these lines. The only other avail- 
able data are those of two indicator experiments taken by Mr. D. Gooch, at 10 and 20 
miles an hour. The line marked C on the diagram shews the resistance per ton indi- 
cated by these experiments. It is not given for calculating the resistance of the 
'Ixion* class of engines, but is given along with the resistances indicated by the 
Comte de Pambour^s experiments, as sufficient to shew that new experimental data 
are required to determine the law of resistance to locomotive engines of various 
descriptions on both gauges. One inference which may be drawn from the highest 
ipeed of the 'Iitm Duke' and other classes of engines seems to be this, that with a 
load, and at a velocity of 1000 feet per minute of the piston, locomotives have 
Tescbed thdr maximum velocity as they are at present (1848) constructed. This 
pomtj however, should be investigated by future experimenters, in order to deduce 
&om it some general law applicable to the velocity of the piston, and its rcktion to 
tin hSgihest speed of locomoUves of various constructions. 

Prom what has been said, it will be clearly understood that the resistances Indi- 

X v2 
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cated by the formula are those due to engines of the class of the ' Iron Duke,' and 

carriages of the ordinary construction on the Great Western Bailway, l)oth in good 

irorking order, on a calm day, and on a level railway in good repair. For gradients 

they require to hare the resistance per ton due to the incline, as in Table V., added 

to tlie resistances given in Table lY. or in the Diagram of Besistanoes. For gradients 

not in Table T. the resistance due to the incline may be found by dividing the lbs. in 

a ton (2240 fts.) by the ratio of the rise in feet. Thus, if the gradient be 1 in 700 

2240 
feet, we have ^qq - =3*2 lbs. per ton as the resistance due to the incline, to be 

added to the resistance given by the formula. 

With these observations we now proceed with the examples. 

By Table lY. the resistances given by the formula are readily calculated. 

Ex. — Required the total resistance, and the resistance per ton of the gross load, 
for a train of 60 tons, engine and tender 50 tons, bulk of train 10,800 culnc feet, and 
velocity 50 miles per hour, on a level railway ? Referring to the Table, oppoaite ' 50 
miles per hour' is SO lbs. for the engine and tender resistance, and *1 lb. for the 
additional resistance to the engine from the atmosphere and load per ton of the train, 
or *05 per cubic foot of bulk of the train. This gives for engine and tender resistance 
60x *1 = 6 lbs., to be added to the 80 lbs. due to the engine and tender alone^ 
==36 lbs. per ton as the engine and tender resistance. For friction and osdllation 
the resistance opposite * 50 miles per hour ' is 9*33 lbs., and for the atmosphere 9 lbs., 
hence 

Engine and tender of 50 tons x 36 lbs. = 1800 lbs. = -f ®^«"*? "f *®^^®' 
° I resistaiioe. 

Train of 60 tons x 933 „ = 5598 „ = { ^^ J^^^*^*^^ 

of 60 tons X 90 „ = 540 „ = {^^^^^ "*^*" 
Total resistance - 2899-8 ^ r 26.35 fts. per ton of 

Gross weight of train 110 1- tlie g«>M load. 

Or thus by bulk : 

Engine and tender of 50 tons x 36 lbs. ~ ISO lbs. 
Train of 60 tons x 9-33 „ = 559*8 „ 

,, bulk of 10, 800 cubic feet X '05 „ = 540 „ 

Total resistance = 2899 -8 

= 26 -36 lbs. per ton, as before. 

Gross load • • 110 

By taking the total reidstance of the train at once it shortens the calculation. 

Thus, 50x36-^1800 
And for total resistance by Table 

wc have 18*33 lbs. ; and 60 x 18*33 = 1099*8 

Total resistance = 2899-8 

= 26*36 lbs., 08 bef'jie. 

Gross load • , 110 

For the resistance to the above train on a gradient of 1 in 100, requires to be added 
the gravity duo to the incline, which by T-ble V. is 22*4 Ibe. per ton; therefore 
26'36 + 22*4 = 48*76 lbs. as the resistance per ton of a gross load of 110 toni^ up a 
gradient of 1 in 100, at 50 miles an hour. 

The Diagram of Resistances greatly facilitates the calculation of the resistances 
fbond from the formula, and, if constructed on a large scale, would do so with suffi- 
dint tuewnffj for all ordinary purposes. 



STEAM ENGINE, LOCOMOTIVE. 525 

Ex. — Taking the same data as last example, — required the resistance in lbs. per 
ton on a lerel railway, and calm day ? 

The Telocity being 60 miles and the train 60 tons, by referring to the Table, and 
following the '50 miles* yertical line until it intersects the *60 tons engine and ten- 
der* line, we have 86 lbs., which, multiplied by the weight of the engine and 
tender, 50 tons, = 1800 fts. Again, following the * 50 miles * yertical line until it 
inteneets the train line of resistance, we haye 18|lbs., say 18*33 lbs. x 60 tons 
= 1099-8 lbs. + 1800 fibs = 2899*8 Vbs, total resistance, divided by 110 tons (the gross 
load)»26*36£b8. 

Another example will illustrate the facility with which this Diagram of Beastances 
can be applied. 

Ex, — ^Required the resistance of a train of 70 tons, engine and tender 50 tons, at 
60 miles an hour, on a level, also the resistanco on a gradient of 1 in 800 ? 

By the Table we find the ' 60 mile ' vertical line intersects the ' 70 ton * engine and 
tender line at 45 lbs., and the train line at nearly 23 lbs. (by calculation 22*96 &>s.) ; 

Therefore, Engine and tender of 50 tons x 45 lbs. = 2250 lbs. 
and Train of 70 tons x 23 lbs. =1610 „ 

8860 r tons, = 32-16 lbs. per 
Diyided by the groBS load = ^^O 1 ton, on a level. 

For the gradient, by Table Y. the resistance due to 1 in 100 is 22*4 lbs. ; hence 22*4 
-r8s2'8Ibs. as the resistance per ton due to a rise of 1 in 800; and 32*16 + 2*8 
= 84 '96 lbs. per ton on a gradient of 1 in 800. 

Eesistance of the Blast Pipe, 

As the blast pipe is a distinct and important part of a locomotive engine, we will 
now endeavour to ascertain its practical value for engines of the class of the * Qreat 
Brita'm.' 

The resistance of the blast pipe was deducted from all the experiments recorded in 
Table III. In addition, therefore, to the resistances already considered, the steam has 
to overcome that of the blast pipe. The indicator cards taken during these experi- 
ments, as given in Table YIII., supply valuable data of the relations between front and 
back pressure, also between the load, the velocity, and the pressure on the piston. 
From this record of 67 indicator cards, it appears that the back pressure follows the 
ratio of the mean pressure on the piston, regulated by its velocity ; and that whilst a 
heavy load increases the mean pressure on the piston, the per-centage of back to front 
pressure remains nearly the same as with lighter loads at similar velocities. 

The pressure of the steam in the boiler will regulate that of the steam admitted to 
the cylinder until the communication is cut off by the slide valve. The degree of 
expannon of the steam so cut off will then regulate the mean pressure on the piston 
10 that it may be generated under a pressure of 90 lbs. in the boiler, and only aver- 
aging 20 lbs. in the cylinder. It is therefore the lbs. of steam cut off in the cylinder 
ubieh regolate the resistance of the blast pipe ; for if it be expanded during three- 
tbnrtha of the stroke, a low back pressure will result ; but if only expanded during 
one-fourth of the stroke, a higher back pressure will be produced, — so that the mean 
pressure on the piston indicates the degree of expansion in the cylinder. The general 
inereaae being nearly in the ratio of the square of the pressure, it has been so estimated 
in the law for calculating the resistance of the blast pipe. The velocity of the piston 
ia feet per minute, the orifice of the blast pipe, and the capacity of the cylinder, are 
the renudning elements of that hiw. 

The formula (from which the theoretical columns of back pressure in the Table 
Uve been calculated) embraces all these in the following manner : 
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To the square of tlie mean pressure in lbs. per square inch + the velocity of the 
piston in feet per minute, x by the ratio of the capacity of the cylinder to the area 
of the orifice of the blast pipe, and by '00001, for the back pressure in lbs/ per square 
inch against the piston. If we call the pressure P, the velocity v, the ratio of the 
cylinder and blast pipe B, the formula would stand thus : 

p3 ^. Y X R X *00001 =» back pressure in %s. per square inch. 

It is submitted as an empirical law only, limited at present to engines of the dasi 
of the * Great Britain,* nntil future experiments shall determine whether it la appli- 
cable to other classes of locomotives. Its application is simple, and will now be 
explained by an example. 

Ex, — Let a locomotive engine have cylinders 18 inches diameter, 2*f6et stroke^ 
blast pipe 5 inches diameter, driving wheels 8 feet diameter, velocity 56*6 miles per 
hour, mean pressure on the piston 79*4 lbs. per square inch ; required the back pres- 
sure against the piston ! (See Table YIII.) 

For capacity of cylinder wo have IS^ x 7854 x 24 = 6107-25 _ 
For area of orifice of blast pipe we have 5- x '7854 = 19 -635 ~" 

for the ratio between the cylinder and blast pipe. 

For the velocity of the piston we have by Table VI. 210*1 (rcvolutiona for an 8-feet 
wheel per mile) x 4 = 840*4 feet travelled by the piston per mile ; hence 840'4-i-60 
= 14*0 as the ratio nearly between the miles per liour of the driving wheel and the 
feet per minute of the piston, and which has been adopted in calculating the resist- 
ances in Tabic VIII. 

Therefore, (79*42 4. 50*6) x 14 x 311 x -00001 = 22-0C8 lbs. per square inch for 
the back pressure. 

By referring to the Table it will be seen that the experimental result was 22*5, 10 
that the formula gives a near approximation to the practical value of the back prea- 
sure for engines of the class of tlie * Great Britain.' It alsQ gives results Taryiog with 
every varying ratio of cylinder to blast pipe. Applied to some experiments made by 
Mr. J. Parkes,* it gives results nearly the same as he arrived at by removing the 
blast pipe. From these experiments Mr. Parkcs concluded — ''That the counter- 
resistance from the blast augments and diminishes with the pressure on tlie piston, 
and that it is independent of the velocity of the piston ; for in all these obsenrations it 
only rose with tho velocity when the pressure was increased." 

The more extensive series of observations taken by ^Ir. D. Gooch confirm the first 
part of this conclusion, but show that it is modified by the velocity of the piston. Ai 
the Comte De Pambour does not give the pressure in the boiler or on the piston, 
during the experiments ho made (regarding back pressure as due to velocity only), we 
cannot compare hb experiments with the formula now submitted. 

Air. D. Gooch states that ''in the 'Ixion' engine, the blast pipe of whioli was ^th 
of the area of the cylinder, with tho driving wheel 7 feet in diameter, and the steam 
cut o£f at 13^ inches of the stroke, the loss from the back pressure at different velo- 
cities was 2 1 per cent, at 7 miles an hour ; 116 per cent, at 20 miles ; 15*8 per cent, 
at 40 miles ; and 21 per cent at 60 miles ; and the indicator cards aocompan^g the 
Experiments on the Resistance of Trains also shew nearly similar results.*' 

These cards, it has been seen, shew that the back pressure increases generally in 
the ratio of the pressure regulated by the velocity, and that the larger the orifice of 
the blast pipe is to the capacity of the cylinder, the less back pressure there will be at 
all velocities. 

• Tho ratio of tho orifioo of tho blast pipo to tho cylinder wm 4^5 In that case. 
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TABLSe OF aESISTANCES TO RAILWAY TRAINS. 
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"Nalt. — Tbe carrectioa for gravity od an; givan inclioatioa is of ooubb ewl; 
applied to the leaults of ttie formula. In cases of accelenttng and reUxding Teladti«i 
a oirreotion will be r™[Dislte, on account of part of the train being ia rotator; 
motion.— (See Eeport of Mr. E. Wood, page 248 of ' Report of Britisb ABioeiaUon, 
ISn.) It ia Ecarcely necessary to caution Engiueers, tbat in applying the reaulta of 
Bucli a Table as t)ie above for praolical purposes, care mnst be taken that the circnm- 
stnncfs nssunisd, and uccci'Satiiy bo, in Ike formula suggested, coincide vith the 
actual circnmstaneca of t'je caso to nhicb it is Bought to apply the fornmla." 

For miles not tn this Table, take the mean reabtancea betnccn the tvo nearest mile- 
ages til tlie resistance due to the even miles per hour. Thus for a train of 18 Una 

12-8 + 18-3 
at 21 mjles an hour, and fronlage 60 feet, take fur 20 miloe — a for 22 mild 

= 1295 lbs. at 21 miles x 13 tons = 233-1 lbs. for McUon anJ « 



anec. For atmospheric rcsistai 

2331 +66-3 
and — ,a =10 03 Iba. p 






+ 1-21 



-=. 1105 X 60 ft, = 66-31bfc 






For tenth parts of a mile, multiply the number of tenth parts of a mile by one- 
tenth the difference between the mean resisUnce found as abore, and the neit 
mileage^ or by one-tenth of the ditfcrencc between the nearest mileages when the; 
are gi'^n consecutiTcly. 

Taking the Telocity 21 '4 milea per hour and train 13 tons, aa befoce, we hare fur the 
,,„„., 13-3-12-S5 
,._.-„n_.,._ „ ,-,]s,K<+i295 = 13-09fts.xl8tona = 235-G2RA, 



Liiuu ^i. ujLcn r^ — 

and for the atmospber 
286 -62 +69-83 



1-21 -1-105 



)(4 + I-106 = l-I47x 
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TABLE 17. 



TaUe to faalllalt tkt Caler^allon of RttitUmea to Broadgavjit Locomotive Eagintt 
of tkt dan of tiie ' Great Britain ' {wtighing about 50 tont), and Trami, tn Su. 
per (OH, and in Ifts. per mUcfaot of Bull, on a calm day, on a lertlUnt in good 
ardtr, ui'lA Engine, Tender, and Carriagei, alio in good iBorlcing order, from 6 la 
TS nnfel per hour : calculitled from Formala, page C34, battd on the Indieator 
and DgrtamoiatUr Traction of the Experimenli made by Mr. D, Gooeh, on the 
BritUl and Sxtler Eailviay. 







-'■"■-'•—■ 


1 


Eo..«.»=.in.b.r«r.™. 1 






■S'B 
.11 


i 


'«.;■* 


1 


1 

1 


1. 

11 




EnglnBUd 


li 






111 

£45 


1 


in 
Hi 




am. 


i? 

t* 

!? 

i 

SIM 

1 

a 


■090 
-IM 

•ist> 

■»l 

i 

■MS 
-911 

if 

a« 

If 

411 


tbi. 

oil 

II-B3S 

a-ffli 

T-0» 
T-165 

T'-16S 
?-B8i 

e-7T 
osas 

11-81 


a0;5 
W;5 


■OOM 

■MUST 
■0W7 

'0109 

■086 

■0313 

■036 

■W09 
■OiSS 

■051B 

■0608 




Ibl. 
"Mfl 

1CH87 

Miaa 

■Mi 

1(1B78 

wssa 

JIMl 

si 

018 

nans 

094£ 
03593 
OSTBS 
03§SS 


Uilei. 

it 

»B 

04 

«3 
1\ 

76 


B... 

«'§• 
S'M 

Da 

O'W 
9'8 

O'oa 
lO'oe 

lO'ie 

10-33 
IQ-t 

lo-s 

10-8 

ir 


lbs. 

o-m 

7-flS 
1011 

11 

IS'M 
18-39 

U'74 
M-I5 


16-61 

20-S3 

»-19 

M;M 

13-9(1 

sa-oo 

36'Oti 
1(701 

ffi'S7 
18-48 

so-ei 
3i-as 


t»'G 
SO-6 

Bi-» 

37-5 
88- 

B9S 

«ia 


■067* 
-0739 
^1* 

■0031 
■fW 

■losi 

MiSi 
;l48a 

■i7« 

:f 

■M5 


it». 

■OSSM 
03699 

■assri 
■oios 

-OH 18 

■06831 
'oe:.>7> 

■C11 
■DlfiSS 

-oeiDs 

■0S4B 

■09aM 

'10089 
■1036S 



Nolt. — For milea anil tenth parts of a mile, the reustanee ii foniid bj maltipljbg 
lh» notsber of tenths bj one-tcnlh iha diSsraae between the two neoreet mileage^ 
ud tddini it to tbo i«iUBt(uice for th« whoU nnmbor. 

Thn* for tho tnio reiislancs for 31 '3 miln p«r hour, tnka for 62 mllei 23 '96 — 

33-15 for 61 milei Ml hoar =c -j^ x -3 -h 33^15 -23-60 Ih. per ton; and in like 
Mumer for imj other n 
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V. 












Table of Gradients^ and Raistance 
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or eadi Gradient. 
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TABLE YI. 

Talk of the Number of Revoluiiom of the Driving Wheels^ or double Strol-cs of the 

Piston J per minute, at the following given Speeds. 



Revolutions of Wheels, or doable Strokes of the Piston, per Minnte. 
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TABLE Vn. 

Table of the Retulta of various Experiments^ shewing the resistance to Trains of 
different Weights and different Velocitits, in all cases where such velocities have 
been uniformli/ maintained in calm weather^ on Lints of uniform indincUion, and 
free from shai'p curves ; the road and carriages being in good toorhing order. The 
resistances are measured either hy the effect of gravity on inclined planes, or 6y 
the difference of pressure on the travelling piston of the Atmospheric Railvtay 
apparatus, except in two cases merited with a f, in which the resistance is indicated 
approximately hy the effect theoretically due to steam generated and made use of 
vmder Jenown conditions in a Locomotive Engine. 
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^o<«.^E. T. tignifies that these experiments were made with an engine and tender in front. 
All the otliers were made with carriages only. 
• Space between carriages made up with stretched canYSs. B. Experiments on broad gange. 
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TABLE Tin. 

TiiUe i\taiuff the Ruuiawe cauiid hi/ the Blatt Pipe in lbs. ami per ead. o/ At 
Tvlal Freutre m the Fittoa at vanoiu Prtttaret and YdoeUia, at taltH from 
the e^mdtr of tin ' Qreat Britain' {broad-gauge) locomotive mgiitt, b^/ Indicator, 
tlaring the Experitaenlt made by Mr, D. Gooch for Oie RaUttay Oor»Mittiamtn. 
{See Table IH.) Alio the Back Prttiure, ealailattd fry the Pormula P> + T x B 
X 'OOOOl, jmy* 52C, Ih-king vihctlt% feet diameter, eylituUr \i inchei diatntter 
and SI iathet itroke. Or'^a of blaac pipe B ine'iet diameter. Steam port* 
13x2 = 28 I'ne/iM. Lead of slide ralret J inch fall, filed uji viith e^^atuion 
gear, Rchauit port 13 x SJ = JS) inchei. 
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ssonoH in. — QxrALiFicATioirs or bkoiite dbiybrs akd virs-ueh * 

Tickets, — Each engine-man, before going out with his train, must procure firom his 
foreman's office a train and coke and mileage ticket, to be filled up by him in the 
following manner : First, the exact time at which the train is started ; second, the 
number and description of the carriages in the train ; and upon arriving at the end of 
his trip, he must enter the time of his arriral, ^th any remarks he may hare to make 
upon his trip, such as being assisted by another engine, how far assisted, and, if late, 
the cause of the delay. 

On the coke and mileage ticket he must enter the number of trips he runs, the 
names of the stations between which they are nm, and the number of miles ; also the 
time his engine stands as a pilot. On this ticket must also be entered the weight of 
ooke he reodres during the day, attested by the signature of the coke-man where it is 
leceiyed ; the engine-man, in turn, signing the coke-man*s book for the quantity he 
received. Great attention should be given that these tickets are properly filled up, as 
they exhibit very accurately the performances of the engines, when carefully made 
up by each engine-man. Neglect of proper entries should be punished by a small fine. 

Tkne hill. — Every engine-man must take his time-table with him, and regulate by 
it the speed of his engine as he proceeds ; the great object being to keep the train 
going at the speed required, from which he should vary as Utile as possible, in order 
that he may arrive at all the stations as punctually to the time as is practicable. 

WhisUei, token to be used. — The whistle is intended to be used as a signal of atten- 
tion or of danger, and it must be sounded on approaching stations, level crossings, 
and tunnels ; also, during a fog, snow-storm, or violent rain, it must be sounded every 
quarter of a mile, and likewise for warning any persons who may be on the line of the 
^tproaching engine and train. On lines where only one whistle is used, three short, 
sharp whistles, rapidly repeated, is the signal for danger ; on other lines, a better 
description of guard's whistle is used, with a deep tone. When either of these signals 
is made, the guard must immediately apply his brakes, and do all he can to stop the 
tnun. 

Water and coke. — The engine-man must take his engine to the water-crane, hate 
his tender filled with water, and receive as much coke as will carry him to the next 
watering and coking station. He must not pass one of these stations without renew- 
ing his supply of both coke and water, if he requires it. When steam is blowing off, 
the hot-water cock should be turned on to heat the water in the tender, and he must 
have a full boiler, and a good fire, before he goes to the train. 

Lamps. — ^Before dark, or in the evening before it is dusk, ot in a fog, the engine- 
man must see that his lamps are lighted and properly fixed in their places ; and if he 
should have to go out without a train, then he must fix a red lamp behind the tender. 
Should he be on the line, through any unforeseen cause, without his lamps, he must 
proeoie some from the first principal station he comes to. 

Ooinff to train, — The engine-man having assured himself, by a careful ezaminatioBy 
that his engine, lamps, tools, and spare stores are all in good order, and obtained his 
train, coke, mileage and time tickets, must cross over to the main line^ in front of the 
train, five minutes before the time of starting, unless ordered otherwise by some supe- 
rior offioer. 

Great caution must be used in placing the engine against the train, which should 
be done without moving a single carriage, in order to guard against injury to any 
passenger who may be in the act of stepping into a carriage at that moment. 

Ouardi^ orders, — Every engine-man will be under the crders of the first guard of 

« By John BewoU, C.E. 
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ilio train in all matters affecting the starting, stopping, or the moyements of the train. 
In cases of accident, he mnst, if required, disconnect his engine, and proceed for 
assistance as he may be instructed by the first guard. IIo must also give both hif 
advice and assistance to the guard in every way he can in all cases of accident and 
generally obey promptly all orders or signals given to him, whether by station mnsteri 
or the first guards, so far as the safe and proper working of his engine will admit. 

Engine ttanding. — While the engine is standing still, whether before starting, or at 
a station, or on the line, for however short a time, the slides mnst always be thrown 
out of gear, the steam shut off, and the tender brake screwed tight on, until the 
signal bo given for starting. The engine-man must be very careful to starts and stop, 
steadily, without jerking the train, and not shut off the steam too suddenly (unlen in 
cases of accident), so as to cause a concussion of the carriages, or waggons, to the 
risk of passengers, and, in cattle trains, to the injury of the animals. He mnst at no 
time leave his engine without seeing the above rules strictly complied with, and then 
not without placing the engine in charge of his fire-man. 

Persons on tender, — Except the proper engine-man and fire-man, no person ia 
allowed on the engine or tender without the permission of the Directors or one of the 
superior officers of the Company, or, in case of need, during the journey, by direction 
of the first guard of the train. 

Starting the ti*ain. — Every engine-man, on receiving the signal from the first gu&zd 
to start the train, must sound his whistle beforb tubning on tbb 8TE.ix; then 
pUice himself by his hand gear, and very carefully and gradually open the regulator^ 
to prevent jerking of the carriages, slipping, priming, or other injury to his engine. 
When the engine has got into speed, he must then regulate the travel of his slides, 
according to the load, and open the regulator to that point, determined by experience^ 
where the generation and consumption of steam take place with greater effect and 
economy than when the regulator is full open. Nothing should induce the engine-nmn 
to use steam of a higher pressure than is allowed by the locomotive superintendent. 

Water in the cylinders. — The condensed steam in the cylinders must be allowed to 
escape by the steady and gradual opening of the regulator and likewise of the cylinder 
cock, as the sudden opening ofthe regulator is liable to break the piston or cylinder- 
cover joints, when there is water in the cylinders. 

Priming, — When priming takes place from the boiler, the steam must be partly 
shut off, and the fire door opened, wliich will generally st«.^p it. But if it arises from 
the boiler being too full, the feeds must be shut off, to reduce the water to its proper 
level. When the boiler is not toi^ full, the feeds must not be shut oS, in order to save 
the tubes and fire-box, whioh would thus become exposed from the rapid waste of 
water by the priming, if such waste was not kept up by the feeds. 

Slipi'ing. — When an engine begins to slip, the steam must be nearly all shut oS, 
and carefully regulated until slipping ceases. Engines should have two sand-boxe% 
which should then be openeil, that equal bite may be given to both driving wheels 
from the sand dropping on the rails. When the slipping ceases, the slides of the sand- 
boxes must be shut off, and the regulatv^r gradually opened to its proper pU^e. A 
third sand-box is used for backlog a train with. 

Feeding tcater. — The supply of water to the boiler must be carefully regulated so 
as to keep both fv.'eds on at an uniform rate all the way, thereby keeping the boiler at 
a projvr and eiiu.il level, for the more rapid and rejrular ginoration of steam. When 
near the end of a trip, the feeds may Ih? gradually increased as shall be required to 
fill up the Ivller, K'fore arriving at the station. The fcv'ds should at no time be too 
suddenly opened, as doing so is very liable to break the ola:k5. 

Firing, — Coke must, as fu* as p^^ssiblo, be put on the fire at such places as do not 



STEAM ENGINE, LOCOMOTIVE. 537 

teqnire the fall power of the engine. The steam must be partly shnt off when coke 
is put on the fire, as, when the steam is full on, the strong draft carries the coke up 
against the tubes, and is liable to choke them up. When approaching the end of the 
trip, the small coke must be used, and the fire allowed to bum as low as will take 
the train on to the station safely. 

Attention to SignaZs, — Every engine-man must keep a good look-out, as he moves 
forward, for any signals, either from the police or from any other i)er8on, or for any 
indication of danger made to him, or which he may observe himself, — all which he is 
responsible for seeing and immediately attending to ; and he must obey any signal 
made by a policeman, or gatekeeper, even if be should see reason to think such sig- 
nal nnneeenary. The lives of the passengers are intrusted to his care, and it is fully 
expected that he shall not only attend to every signal given him, and to all his 
instnictioni, but also that he will, on all occasions, be vigilant and cautious himself, 
not tmsting entirely to signals for safety. (See article ' Bail way.') 

Hand-flags in windy weather are a very bad signal, painted boards being much 
better, as they always shew their full size, whilst the wind not unfrequently makes 
the hand-flag appear a mere line. 

Waving a white light violently is also a signal of danger, when a red light is not to 
be had. Fog, night, and tunnel signals are made by lamps and detonators ; day sig- 
nals by policemen, hand-flags, painted boards, and high-mast signals. As signals 
vary on different lines, each engine-man is supplied with a set of the Bules and Regu- 
lations of the Company he is employed by, describing the particular signals used, and 
which must be strictly attended to on every occasion. 

Fire-mefCe dwUes. — ^Fire-men are to be entirely under the orders of the engine-men 
while on daty. If the engine-man is engaged with any part of the engine, the fire- 
man most keep on the look-out, and act for the engine-man, and they must never 
both leave the engine at the same time. The fire-man must at all times stand up and 
keep a good look-out, when not otherwise engaged in attending to his other duties ; 
and he must) each mile, look back along both sides of the traiu, to see that all is 
rights and that the guards are not signalling by hand or lamp to the engine-man. 
When the fire-man is so engaged that he cannot look back, he must warn the engine- 
aaiiy who will then do so himself. The fire-man must also be ready, at all times, at 
a signal firom the engine-man, to {(o to the brake, and, when approaching any station 
where the engine is to stop, or observing any obstruction on the line, or seeing any 
signal intimMing danger or caution, it is the duty of the fire-man, without waiting for 
orden^ to go to the brake, and to warn the engine-man instantly. Should the engine- 
man be rendered incapable of doing his duty, whether by accident or othei*wi8e, the 
fire-man is to take the management of the engine until another driver can be 
obtamed, proceeding with caution, and reporting the circumstance to the first guard 
at the earliest opportunity. 

(htardi signaJt, — Gbards should regularly signal to the engine-man that all is 
right; bat if anything is wrong, they must give the caution or danger signal. The 
vsoal signal from the engine-man to the guards is by three short sharp whistles on 
aome lines ; on others, by a deep-toned guard's whistle, — an excellent plan, prevent* 
iflg the liability of any mistake whatever in the use of the whistles. On this signal 
being given, the guard must instantly signal that it is understood, to the fire-man, 
who most look back immediately the signal is given by the engine- man, to observe 
which signal the guard gives. This signal and answer must be made within the first 
half mile after starting with a goods train, and every two miles afterwards by the 
gruurds cm the journey. With passenger trains, this signal must be made every mile 
on the journey ; the whistle being used only in cases of need. 

TOL. TIT. H N 
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Engint'TMiCi iignaU, — EDgine-mon must also signal one another vhen on the road, 
by Btiinding on the right-hand side of the engine, bo as to be next eaeh other in pasi- 
iug) and most always do so with the same signals as those nsed on the line^ to indicate 
-whether the lino they have passed is clear, or whether there is a train ahead, or asy 
other causo of danger existing. 

All trains to he drawn, — No engine must pass along the wrong line of road, nor 
be allowed to propel a train of carriages or waggons ; but in all cases it must dnw 
the train after it on the right road, except in case of an engine being disabled on the 
road, when the succeeding engine may propel the train slowly as £ar as the ixst 
' shunt* or siding', at which place the said propelling engine shall more past and take 
the lead. In case of the road becoming stopped, when it will be onavoidaUy neoea- 
Hary for nii engine to go bock on the wrong line, the engine-man most send his fire* 
man, or some other competent jHirson, back a distance of not less than half a aula 
l)cforo his engine moves, to warn any engine coming in the opposite direetiott ; and 
the person so sent bock must continue to preserve the distance of half a mile between 
him and tlie engine, until it gets into the right line again. 

J)istancc between engines. — All engines trayclling on the same line mnst be kept 
nt least two miles apart, unless expressly required to join on to the preceding train or 
engine, which the engine-man shall approach with the utmost caution. Such a step 
can only be justifiable under a pressing necessity. 

Tico engines worl'lng together, — When two engines are working together, the 
second engine-man must watch for and take his signals from the leading engine-nuui ; 
but Khould the second engine-man discover anything wrong with the train, he most 
blow his wliintle to warn the first engine-man, that the two engines may always cheek 
and stop together. Engine-men with trains requiring assistance, mnst in all rince, 
with passenger train!*, allow the oa^istant engine to go in front, and also with goods 
trains, where practicable. 

Part of train detached. — When any part of a train is detached, while in motion, 
care must bo taken not to stop the engine or train in front before the detached part 
is stopped, no matter whether it has become detached intentionally or by acddent^ to 
prevent a dangerous collision with the carriages in front, should the latter stop first. 
Whenever an engine-man finds his engine disconnected from the train by accident or 
otherwise, he must keep his engine ahead, clear of the train altogether, and in no case 
pull up his engine until the train has been stopped by the aid of the guards* brakes, 
when he can move backwards, and couple on to the train in the usual way. 

It is the duty of the guard of any intentionally detached part of the train to apply 
the brake bo as to stop at the proper place. 

Passing stations. — Every engine-man must be careful when he passes a station, or 
when the road Ls under repair, to proceed slowly and cautiously ; and he must also 
do so whenever he sees a green signal. lie must on no account pass a red »ignalf 
or any other which he underBtands to be a signal to stop, but bring his engine to a 
stand close to that signal. 

Stopping at tJte proper station, — No engine or train of any sort must stop at any 
but the appointed stations, except only when a signal is given ; or in case of accident 
to any part of the engine or train ; or when, in the judgment of the engine-man, it is 
necessary to prevent accident or collision. 

Caution in stopping trains, — Engine-men, in bringing up their trains, mnst pay 
particular attention to the state of the weather, the condition of the rails, the length 
of the train, and whether on a level, an ascending or desoeniUng incline, in determin- 
ing when to shut off the steam, so as to reduce the speed in proper time, and enable 
them to have the train so completely under their command as to stop altogether, if 
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Aeoesaarjr, before reaching the plAtform. Stations must not be entered so rapidly as 
to require a violent application of the brakes, and the use of the carriage brakes must 
be avoided as much as possible. 

Rtmninff on tnain Hne.-^No engine must ever be moyed from any of the stations 
on to the main line, except when the engine-man is proceeding, at the proper time, 
to take his place in front of the train. When on the main line, he must never run 
beyond the limits fixed at each station, without a regular order, filled up and 
signed by the proper foreman ; and he must strictly follow the instructions con- 
tained in foch order, both as regards the time of starting and the place and time of 
returning. 

Standing tm main line, — No engine must be allowed to stand on the main line 
(except nnder very special circumstances) when not attached to a train ; and no 
engine-man must leave his engine or train, or any part thereof, on the main line, 
unless there be a competent person in charge to make the necessary signals : neither 
must any engine cross the line of railway at a station without permission, or run 
tender finremost, without the orders of the locomotive superintendent^ or from 
unavoidable necessity. 

BXTEl TRAINS. 

Siffnaifar extra train, — Whenever a red board, or flag, by day, or an extra red 
lamp by night, is carried on the last carriage or waggon of a train, it is an indication 
that a special oar extra train is to follow, that the road and stations may be kept clear 
for it. 

On ringle line, — ^To avoid risk of collision on single lines, from the meeting of 
another engine, no extra engine, with or without a train, must be allowed to pass 
along the line without previous notice. 

LUOOAGB T&AIirS. 

Approaeiking itationt, — Bngine-men with luggage trains must approach all stop- 
ping places at a speed not exceeding 12 to 15 miles an hour when within a quarter of 
m mile of the stopping-place ; and, when necessary, they must signal the guards or 
brakes-men before they apply the tender brakes. 

Uneovered waggom, — Engine-men must refuse to take up luggage waggons if they 
contain any goods of a nature to take fire from a spark fulling amongst them, unless 
4hey are properly covered and tied down. 

Goods trains into sidings, — Engine-men of luggage trains must not pass any siding 
tn erossing when there is a passenger train coming in the same direction, due within 
fifleen minutes, but must remove from the main line to the siding ; and generally all 
luggage, eoal, and ballast trains must give way to passenger trains by going into the 
nearest aidings. 

BEPAIBIKO BOAD. 

SaUasting, — When any ballast train shall stop on the main line to load or unload 
ballast or other materials, the engine-man must send a ballast-man back, at least' a 
mile, with a red signal flag, or board, by day, or a red lamp by night ; and the man 
must stead there, on the look-out, until the ballast train has moved o£f ten minutes, 
sad stop any coming engine or train, and inform them of the position of the ballast 
train. No ballasting permitted in foggy weather, unless by a special order, or under 
the most urgent circumstances. 

Cauti<m for repairs, — When repairs of the road are going forward, and persons 
tmfdoyed on the permanent way have the use of the road, a signal of danger may be 
given by those persons, either by 'a red flag or a red lamp ; and on observing this 
ttgnal the engine-man must immediately stop the train. 

2Vam of Mtpticf.— Engines running alone, or with a train of empty carriages or 

HX2 
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waggons, must not exceed a speed of 25 mUes an hour without special ordew in ea<^ 
case, or from argent necessity. 

ACCIDENTS. 

Stoppaget, — In case of any accident to the engine or train, causing a complete 
stoppage, the engine-man, after giving such directions to his fire-man to open tlie 
fire door, rake out the fire, or otherwise, as may be necessary for the safety of the 
engine, must immediately seek the first guard of the train, and communicate with 
him, and receive his directions ; and in the absence of the first guard, the engine- 
man must himself ascertain whether the engine and train are dear of the oppodte 
line, and of any train passing upon it, and, if they do not appear quite dear, 
remove the passengers from the carriages. He must also send back a guard or his 
fire-man, or a special messenger, to the next policeman, to stop any trains coming 
up. If dusk or dark, he must see that the carriage lamps in front, and his engine 
lamp, all show red lights forward, and the tail lamps, as usual, shew a red 
light backwards. 

Hand pump. — Whenever, through any acddent, an engine has to stand with steam 
up, the hand pump must be worked, to keep up the water in the boiler, the fire door 
opened, the damper shut, and other means used to prevent, as far as practicable, (he 
generation of steam. 

DetoncUing signdU, — Every engine-man should be supplied with detonating sigoalsi 
which he is responsible to have always ready for use when on duty. When a stoppage 
occurs in foggy weather, or at night, one of these signals must be placed on the rails, 
every 200 yards, until the guard, fire-man, or messenger has gone back a mile at 
least ; and at the end of that distance, two of them must be placed on the rails. 
When any such accident happens in a tunnd, the engine-man should, if required, 
occasionally hold down the steam valve, to prevent the noise, and allow orders to be 
given and heard more readily. If dark, and without a red lamp or detonating signals, 
the man sent back must make a signal by waving his light up and down violently. If 
by day, he must signal with the red flag, or board, or hands, and must in all cases 
remain until relieved by a policeman, or the obstruction has been removed. 

Both lines stopped, — Should the accident stop both lines of rails, then the same 
precautions must be taken to place the signals on the opposite line of rail to thai 
which the train is on, but in a contrary direction, so that both lines of rails may be 
protected for at least a mile from the place of obstruction. 

Train on fire, — Should fire be discovered in the train, the steam must instantly be 
shut off, and the train brought to a stand. The signals of obstruction or stoppage 
must then be made to protect the train, and the buniing waggon, or whatever it may 
be, detached with as little delay as possible. Every means must then bo used by the 
guards and engine-man to put out the fire by water from the tender, or by other 
means, as the necessity of the case may require. No attempt must be made to readi 
the nearest water crane, if it is more than 800 yards from the place where the fire 
is discovered, as such a course is likely to increase the damage. 

Burst tuhe.^U a tube bursts badly, the steam and feeds must both be shut oflT, 
and the engine stopped as quickly as possible. A tube plug must then be driven into 
each end of it, and the boiler filled by the hand pump. As soon as water is seen in 
the glass, the fire can be got up again, and the hot fire-box will assist in doing so 
more quickly. As soon as the steam is up, the engine will be enabled to move on 
again. In most cases it will not be necessary to stop the engine, as the fire-box end 
can be plugged up when running, and the other end can be plugged at the first 
stopping station, without delaying the train. 
Mood obseu/red, — ^When the road is obscured by steam (from a burst tube or any 
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other diiue), no approaching engine mofit pass ihrongli the steam or smoke until the 
engine-man has ascertained that the road is clear. If any engine-man sees a train 
stopped or stoppbg from accident, or other cause, on the opposite line of railway, he 
must immediately slacken his speed, so that he may pass such train slowly, and 
stop altogether, if necessary. He must then ascertain the cause of the stoppage, 
and report it to the next station. He must also, if necessary, stop all the trains 
between the spot and the next station, and caution the engine-men of the stoppage. 
He most also render every assistance in his power in all cases of necessity and of 
difficulty. 

Broioat daeks, — Should a pump or feed-pipe give way, one pump is generally 
sufficient to keep up the boiler; but should that one &il also, the engine must 
be stopped, and the clacks examined. The engine-man will know by his pet-oocks 
whether it is a top, middle, or bottom clack that is faulty. If a bottom or middle 
dack, the nut must be unscrewed, the broken clack taken out, one of his spare 
clacks put in, and the nut screwed on, when he will be ready to start his engine 
again. If it is the top clack, it can only be repaired when the steam is up ; but 
nnleas the middle clack is also bad, the pumps will still work to keep up the water 
in the boiler. 

Broken tpring, — When a spring breaks, it will seldom be necessary to stop the 
engine until it reaches a station, when the side can be raised by moving the other 
wheels of the engine on to the two wedge-shaped bars, to be laid flat on the rails, 
which takes the weight off the wheel where the broken spring is, and allows it to be 
blocked up by one of the wooden wedges ; the engine can then be moved off the bars 
and proceed with the train. The same operation may be done by the screw-jack, but 
the first causes least labour. 

Bnken machinety, — A railway locomotive is made up of two complete engines 
working separately, but both attached to a double crank-axle ; therefore, whenever » 
cylinder-oover, piston, connecting rod, eccentric rod, quadrant, slides, or any other 
working part of the engines gives way on the road, which stops the working of one 
engine, the engine-man must immediately stop, and remove the broken parts or rods, 
80 as to leave the other engine clear of all obstruction. He must then disconnect the 
slide of the broken engine, and adjust it so as to cover both the steam ports, where he 
must secure it by tying, if he has no other resource at hand. The best way of fixing 
the slide is by a set-bolt, fitted into the outside of the slide-rod guide, being screwed 
tight up against the slide-rod. A set-pin can also be used when a syphon cup is 
lerewed on the guide, by taking off the syphon and introducing a screw of the same 
thread. When this is done, the engine will be able to proceed, working one cylinder 
only. Should the boiler have been pierced by any of the broken rods, the fire must 
be immediately drawn, to save the fire-box and tubes, and a competent person sent 
for the requisite assistance to remove the engine and train. 

Working with one engine, — Whenever the engine-man has only one engine in 
working order, he will still be enabled to proceed with a light or ordinary train to the 
first pilot station, where the pilot engine will proceed with the train. Should the 
tnin be too heavy, he must consult the first guard whether to proceed with part of it, 
or not, for assistance, and be guided by his instructions. 

Broken elide. — When the slide or slide-rod breaks within the steam chest, the 
engine must be stopped. If the slide is on the front side of the steam ports, and the 
exhaust port open, it should be pushed back through the front slide-rod gland, so far 
as to cover the ports. When there is no front slide-rod, but a set-bolt in the steam- 
chest cover, by taking out the bolt, the slide can be moved through that hole also ; 
and if the slide is on the back, and the exhaust port open from the front of the slide^ 
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it should be pushed forward through the slide-rod gland until it oorers both porti. 
When impracticable to cover all the ports, from a bad regulator or other cauae^ or 
keep the slide over the ports, the connecting rod must be taken off, and the piiton 
blocked, to proTent its moving by the pressure of the steam against it ; when the 
engine-man can proceed with one engine, as before. 

Hot connecting rod hearing. — ^When the large end of the oonnecting rod beoomef 
very hot, the bearing and the crank then adhere to each other at the Bur&oe, And al 
each turn of the crank it tears away the solid metal, to the great danger of breaking 
the straps, keys, or even the rod itself, and thus leading to most extensive damage to 
the slide-motion, piston, and cylinder, if not to the boiler also. When it cannot be 
cooled while running, by throwing water upon it, and using oil and tallow to prevent 
adhesion of the metals, the engine must be stopped, the rod taken off, the slide fixed 
over the ports, and tho engine-man can then proceed, according to cireumstaneM| 
with one cylinder, as before, until relieved by tlie first pilot engine. In most oases, 
the engine-man, by reducing his speed, and carefully cooling and oiling the hot 
bearing, will be enabled to proceed until he comes to a stopping station. If by thif 
heating, or by any other means, an eccentric becomes loose, it must be shifted back to 
its place as marked on the axle, and screwed fast again. 

Hot axle-bearing. — When an axle-bearing becomes very hot, the tndn most be 
stopped, and the box cooled by water from the tender. The oil or grease-holes mnst 
then be cleared, and the box filled up with tallow and oil, which, by renewing at each 
stopping station, will usually carry the engine, tender, or carriage, safely to the end 
of the trip. However, should the means used to cool the bearing not succeed, the 
engine-man must stop at the first pilot station, and allow the pilot engine to take hit 
train. 

In most cases, it will not even be necessary to stop the train until it reaehee a 
station, when the bearing can be cooled, and the box filled as above. 

Jirol-en leading ax?c.— When a leading axle breaks, the engine must be stopped, 
the fire drawn, and assistance obtained to dear the road and forward the train. If 
the engine is off the rails, the first object is to clear the way for the train to prooeed, 
the engine being got on afterwards. 

Ooing off the rails. — When both engine and tender are thrown off the rails, it is a 
work of time to get them on again ; and the fire must be dropped, and water run off 
to lighten the engine and save the boiler. Assistance must then be obtained to dear 
the line, if obstructed, and to forward the train to its destination. After this has 
been done, the engine and tender must be separated, and got on to the rails sepa- 
rately, by raising them, by means of screw-jacks, until a temporary railway can be 
laid from under the wheels on to the main line. By this means they may be 
gradually drawn or pushed on to the road again, according to the position they aie 
plxiced in. 

Broken cranl: — When a crank-axle breaks very badly, the engine must be stopped, 
the connecting-rod taken off, and the slide fixed over the ports. If it is broken at 
the side of the bearing for the connecting rod, and the stay bearings are good, the 
engine-man will still be able to go on with the train, if a light one, or seek assLstanoe, 
if it is a heavy one. If the crank is so broken that the other engine cannot work, 
then the fire must l)e drawn, and assistance obtained in the usual way. 

Broken trailing axle. — When a trailing or hind axle breaks, the engine must be 
stopped, and the si>rings and axle-boxes blocked up, so as to keep the wheels as 
upright as possible. The ends of the axle must then be suspended at a proper height 
to the foot-plate by a rope, when the engine can proceed with the train cautiously, 
until relieved by a pilot engine. 
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Broka^ fDkeel or tire» — When a wheel or tire breaka, the engine must be stopped, 
and aamsianoe obtained to forward the train. If a driving-wheel tire, the wheel moat 
be lifted up by the screw-jack, and blocked up to the proper level, when the engine, 
will be able to move itself, if not the train, out of the way. If it is a leading wheel, 
or tire, of a four or six-wheeled engine, it may probably be thrown off the rails, and, 
after the train has been forwarded, the engine mnst be got on to the rails again, as 
already deoeribed. 

Apprehension of danger,— In case of the stoppage of either line of rail, from any 
canse, or apprehension of danger, whether in foggy weather or otherwise, the police- 
man on daty must place a detonator on the line or lines of rails so obstructed, every 
200 yards from the point of danger, until they are protected for at least a mile. 

Caniian to stoppage signals. — In all these, or any other accident causing a stoppage, 
due care must be taken that the signals for a stoppage are immediately attended to, 
in order to prevent any following train coming into collision with the one which ha 
stopped. 

FOGS. 

Caution at stations, — During a fog, when an engine or train stops at a station, some 
pemn must be sent back half a mile, and place a detonating signal on the rail, to 
stop any engine or train coming up, untU the other has started from the staUon. 
Detonating signals must also be used in a similar maimer whenever any engine or train 
is following too closely upon another engine or train, or in any case of emergency or of 
diBger. 

Attention to dttonators. — ^Whenever an engine passes over one of these signals, it 
ezplodea with a loud report, and the engine-man must then immediately stop the 
train. The guards of that train must likewise protect it, by sending back and placing 
these aigiialB every 200 yards, as before, until they have extended a mile from the 
train. 

Remaoai of detonators. — After the obstruction is removed, the policeman, guard, 
or fire-man must remove all the signals from the rails before proceeding. 

Distance between engines, — No engine or train must leave a station during a fog, 
less than ten minutes after any preceding engine or train ; and the policeman on duty 
most gire the engine-man the exact time when the train started, and where it is next 
to stop. 

Caution for signals. — Engine-men must always exercise great caution in foggy 
weather, and eepeciaily in approaching stations, from the difficulty of discerning the 
ngular lignals until close upon them ; and they must be prepared to bring their 
engines to a stand before reaching the signal, whenever it is required. 

DESOSNDIKa IirOLINSS. 

Attention to brakes, — In descending inclined planes, engine-men, fire-men, guards, 
and hnkei-men, must take care that they have complete control over the speed of the 
trains^ by having the brakes screwed up so far as to be able, by a single turn of the 
handle, to apply them forcibly to the wheels, when required to do so. The engine-man 
must not, however, place too much dependence upon the assistance he may get from 
the carriage-brakes, but keep the train perfectly under his own control by shutting off 
4he iteam in time. 

Speed, —No engine or train should descend a steep incline at a greater speed than 
from 20 to SO miles an hour, unless by special orders. With very heavy trains, the 
speed should not exceed 20 to 25 miles an hour ; and no attempt should be made to 
make up lost time in going down an incline. • 

Th« usual speeds down inclines from 1 in 80 to 1 in 100, are from 20 to 30 miles 
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an hour, according to circumstances. On inclines from 1 in 37 to 1 in 80, tliej Tiiy 
from 10 to 20 miles an hour. At the Wapplng Tonnel, Liyerpool, the speed is only 
4 to 5 miles an hour. 

ASCERDnrO INCLISBS. 

Dividing trains. — When inclines are so severe as to require the tnun to be divided, 
and taken up at twice, it must be done in the following manner : The part of the 
train to be left must be pushed into the siding at the bottom of the incline, clear of 
the main line ; the first part must then be taken up the incline, and placed in the 
siding at the top. The engine or engines will then cross over to retam on the proper 
line for the second part of the train. When this is taken to the top of the incline, it 
must be left on the main line, clear of the siding, and the first part of the train taken 
out and coupled to it : by this means the waggons will l)e again in their proper posi- 
tions in the train. 

Great care mast be taken that the last portion of the train is not allowed to mn 
down the incline after the engine is uncoupled from it. 

Overtaking divided trains. — In the event of any waggons being left upon the main 
line, at the foot of any incline, and a succeeding engine coming up, such engine must 
not commence propelling or drawing the said waggons until the engine which left them 
shall have returned to take them away. 

Returning on right road. — The assistant engine must invariably return down the 
proper line, and must always stand at the proper place, ready with the tender well 
supplied with coke and water, having the steam up, and the front of the engine 
towards the incline. 

Assisting passenger trains. — When a passenger train requires assistance vp an 
incline, the train must be stopi)cd, and the assistant engine coupled on in front of the 
train engine, and both work together up the incline ; and when fairly clear of the 
incline, the assistant engine must be uncoupled from the train engine, and proceed 
ahead to the first crossmg, where it will pass over to return on the right line to its 
sUition at the bottom of the incline. 

Assisting goods trains. — ^When a goods train requires assistance, it is usually given 
behind, as it takes a great part of the weight off the front waggon drag-chains ; and, 
in the event of any of the drag-chains giving way, prevents these waggons from 
descending the line, ^vbich they would do, without any check or control, if the engine 
were ahead. 

Crreat care must be taken by the assistant engine-man behind, to prevent any over* 
pushing of his engine, in case any waggon break down between him and the other 
engine. It is best when all assistance can be given ahead of the train. 

Caution to pilot»tna7U — In moving out of the siding to assist a goods train up an 
incline, the pilot engine-man must take great care that the train has passed, before he 
comes near the main line, so as not to strike the train sideways before it passes dear 
of the pilot engine. As soon as it has passed, he must move out, and approach the 
end of the train with great caution, so as not to run against it with any foroe^ and 
must give instant attention to any signal from the leading engine-man. 

Responsibility of engine-man. — No engine-man should attempt to ascend, without 
assistance, any incline with a greater load than his engine is quite capable of taking 
up with certainty ; and, as this varies very much with the state of the weather, the 
gradients, and the rails, the engine-man must decide for himself, in each case, whether 
he requires assistance, or not, and act accordingly. 

EXTRA INCLINES. 

Brakei'tmn, — ^When trains arrive at very steep inclines, either in or out of tnnnelsi 
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such as those on the London and North* Western Railway, where stationary power is 
used to drag them up the incline, or such as the lackey incline, on the Birmingham 
and Bristol Railway, they are placed under the charge of special brakes-men, who have 
instructions in each case, which they must strictly attend to, both as to the speed, and 
number of carriages or waggons, according to the nature of the traffic to be taken up 
or down these inclines. 

Otneral regtUaiion, — As a general rule, no train is allowed to go up or down with- 
out one of these brakes-men, whose duty it is to examine all the brakes, and satisfy 
himself that they are in proper order, with sufficient men to work them, before he 
starts a train either to go up or down one of these inclines. The speed is usually 
limited from 4 to 10 miles an hour, according to circumstances, and the brakes-men 
must at all times, whether going up or down, be sure that they have the train under 
perfect control with the brakes, in the event of anything giving way. 

TUHNSLS. 

Approached cautiously. — All tunnels must be approached cautiously ; so that if a 
signal is tnade to stop, the train may be stopped before entering the tunnel. Every 
engine-mail must use his whistle before entering and while passing through a tunnel, 
to give proper notice to the policeman at the entrance, and Jto any man who may be 
employed in the tunnel. 

Stoppage in tunnele» — When an engine or train breaks down in a tannel, the torches 
must be lighted to ascertain the nature and extent of the accident, which must then 
be remedied according to instructions in preceding rules. Great care must be taken 
to protect the line both ways, to prevent collision and injuiy to the men at work, 
imiil the line is cleared and the train forwarded. 

JUMOTIONS. 

SignaU. — ^In approaching junctions, every engine-man must blow the whistle at 
least a mile from the junction, and continue to do so until the policeman in charge 
of the junction points gives the proper signal that the main lino is clear, when the 
engine-man can proceed on to it with the engine or train, at a speed not exceeding 
from 5 to 8 miles an hour. If, however, the signal be given that the main line is 
obstructed, then the engine-man must immediately stop the engine or train until the 
obstruction be removed, and the ' all-right * signal be shewn, when he can proceed 
sbwly on the main line, as before. 

Approached cautiously, — Every engine or train must approach the junction of two 
lines with great caution, and at a very slow speed, so as to stop altogether before 
reaching the junction, if necessary. In foggy weather, the engine-man must bring 
the engine or train to a stand before arrivmg at the junction, and not go on to the 
main line until he has learned from the policeman on duty how long the preceding 
train has passed, and he must stop or proceed, according to the information he 
receives. 

BBP0RT9. 

State cf engine^ Jsc, — The engine-man must examine his engine at the end of his 
trip^ in the same manner as he did before starting, and report to the foreman on 
duty, or his clerk, anything he may observe or know to be -wrong, and enter the 
particnian in the report-book kept for that purpose. He must also report every 
nnuiual circumstance which may have taken place on the journey, in the same 
manner. 

Spare stores replaced. — Every engine-man must have replaced, before starting with 
bis train, any spare stores he may have used, and he must have any broken tools 
made good again. He must also see that his lamps are taken to the appointed place 
to be cleaned and trimmed again. 
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DUTIES IN SHED. 

Regxdaiion of weight, — The weight of every engine should be properly disiribnted 
on the wheels and springs. No engine can ran steadily with one, two, or three tona 
more weight upon one spring than npon the opposite one. A six-lever weighing 
machine should be on all extensive railways for this purpose, by which the weight on 
each wheel can be regulated with groat nicety. For passenger-train engines, there 
should be nearly as much weight on the leading as on the driving wheels. Eight- 
wheeled engines have more weight on the two leading than on the driving wheels. 
All the weight requii'cd on the driving wheels is as much as to produce sufficient 
adhesion, in ordinary cases, to draw the train, as there are times when all the weight 
would not prevent slipping. For all ordinary trains, the engine will run the whole 
distiince in less time and more steadily with lightly-loaded driving wheels ; for any 
time lost in starting is more than made up afterwards by the ease given to the 
machinery. Four- and six-wheeled coupled engines have generally all the weight 
brought into action for power, and not for speed ; and it is therefore more equally 
distributed over the wheels. 

JIand'pump to be tried. — Every engine-man, when in the shed, should try lus 
hand-pump, to insure himself that it is in good order, as, being seldom required, they 
are liable to become * furred up * with the deposit from the water, and in that ease of 
no service in any emergency. 

Cleaning boiler, —The boiler should be regularly blown out, over the pit provided 
for that purpose, at such times as the state of the water requires, which the engine- 
man can readily determine from experience. The boiler must also be washed out 
with cold water, at least once a week, to remove all loose deposit from it. Muriate 
of ammonia is used for preventing the adhesion of deposit to the boiler, which it 
effects by keeping the lime in solution, and which is blown out two or three times a 
week, according to the purity of the water used for the generation of the steam. 

Adjustment of machinery. — Every engine-man, when in the shed, must carefully 
examine his engine ; and, when necessary, adjust the piston, slides, connecting-rod 
bearings, axle bearings, springs, or any other part requiring adjustment^ and see that 
the eccentric sheaves are all fast in their right places. 

Trimming stuffing-boxes and syphons. — He must also pack his stuffing-boxes, 
examine his clacks and feed-pipes, clean and trim his syphons, so that he may have 
his engine in good working order when required to go on duty again. 

PILOTINa. 

Tools, — Pilot engine-men must at all times, during the hours appointed for them to 
pilot, stand ready to start at once, with their steam up, their tender full of coke and 
water, and be provided with the following tools ; namely, two pinch-bars, two screw- 
jacks, a large drag-chain, a rope, two signal lamps, two hand-lamps and detonators. 
One of the signal lamps to be put on the front of the engine, and the other behind 
the tender, and the hand-lamps to be used as signals, or as may be required. 

Orders. — When it is necessary to send the pilot engine to look for a train, a regolar 
order must be made out for it ; and if at or near to night, both lamps must be lighted, 
and a red light shewn behind and a green one in front. When the pilot engine-man 
meets with the train, if it be at a stand, he must ascertain the cause, shew red lights 
both ways, and run on to the next crossing ahead. He must then cross, returning to 
give every assistance he can, whether the engine be broken down, or any part of the 
train be off the line, or to push the train slowly before him until he can put it into a 
siding, and get in front of it, which he must do on the first opportunity. 

Caution on crossing line, — No pilot-man in search of a tralD; past-due, must exMs 
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on to the main line until the danger aignals are turned on, and then only when he 
has ascertained irom. the policeman on dut j that he can do so with safety, to prevent 
eollisbn in case of the train coming up at the moment of crossing. 

Orden caunienigned, — When any pilot engine is sent out, on its arrival at the 
next pilot-station the engine-man must shew his order to the foreman on duty at such 
station, and either obtain a fresh order, or have the old ene countersigned by the 
fbxeman, before he proceeds further. 

Speed.^^Anj engine-man proceeding along the line with an order must be careful 
to proeeed at the same average rate of speed as the passenger trains, and on no 
account to nm his engine at a higher speed at any part of his journey, unless other- 
wise specially instructed in his order. 

Amdance,^-!! both lines are obstructed, he must assist in clearing the lines, and 
then receive instructions for his further movements finom the first guard, or his 
superior officer, being careful not to return on the wrong line imtil he has satisfied 
himself that the police have been made aware of the circumstance for the whole dis- 
tance he has to go on the wrong line ; and he must then proceed slowly, sounding his 
whistle every quarter of a mile during the whole time. 

BapimsibUiiy, — ^When any engine is sent on the line with an order, without any 
train, or from any other cause, without a guard, the engine-man will be entirely 
responsible for all the movements of the engine ; and, in addition to the precautions 
and rules ordinarily applying to him, he must, in the event of being compelled to 
stop^ send back the fire-man to make all the usual signals, as already described for 
stoppages. The fire-man must not return until he meets and is relieved by the next 
policeman. If the engine-man is obliged to cross over to the other line, and is some 
distanee from a crossing, he must always move forward on the proper line to the next 
crossing, and never return on the wrong line. 

SICTIOK IV.— DiSCBIPnON OF THE 'LOBD OP THE ISLES* AND THE 'LIVERPOOL' 

LOCOMOTIVE ENGINES.* 

'lord 07 THE ISLBS' BBOAD-aiUOB LOOOXOTIVB XKaiNS. 

This fine powerful locomotive was exhibited in the Crystal Palace by the Qreat 
Western Bailway Company, of which Mr. Brunei is engineer. As a massive example 
of Stephenson's daes of locomotives and good workmanship, it is creditable to the 
Swindon Bailway Works, where it waa made, and an ordinary prize medal was 
awarded to the Bxhibitora. After the expectation held out, that the broad gauge 
would be the means of introducing some decided novelty or improvement in loco- 
motivei^ not a few were disappointed to find that the ' Lord of the Isles * only embodied 
narrow-gauge improvements, and had been surpassed in originality, in heating sur&ee, 
and in a low oentie of gravity, by Crampton's narrow-gauge engine the * Liverpool.* 
It is however known that Mr. Brunei at first sought to introduce originality in the 
eonetmetion of locomotives, as well as in the width between the rails ; but before he 
got the locomotives fairly organised, his innovations were attacked by a powerful 
nazxow-gaoge force, f During this attack, the command of the broad-gauge engines 
mui held by a pupil of the chief attacking officer (Mr. Stephenson), t to whom Mr. 
Brunei appears to have at once surrendered the locomotives to be Stephensonised, — as 
they aoon were, — ^and concentrated his energies to defend the width of gauge only. 
With eonsideiable difficulty this has been done, and necessarily insures comparatively 
greater safety from a greater width of base, being as 84 inches to 56| inches, or 
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nearly as 1 } to 1 in favonr of the broad gauge. But in all the past gauge trials 
of looomotiyes In 1838, 1845-6-7, the difference in speed has been merelj one of 
degree, slightly in favour of the broad gauge, high wheels, and large boilen^ at 
extreme yelocities ; bat for practical erery-day duty, with numerous stoppages, the 
advantages are on the side of lower wheels on both gauges. 

The late Mr. George Stephenson considered the general introduction of his foriii of 
engines on the broad gauge as a great triumph, and many engineers now regard 
Crampton^s * Liverpool ' as shewing the capability of the narrow gauge in prodocing 
a good working engine of a power, a height of wheels, and safety at high veloeiiies, 
equal to the ' Lord of the Isles * class of engines. It is, however, worthy of notice, 
that if Mr. Crampton was not a pupil of Mr. Brunei, he was at least some time in 
his locomotive office at Faddington, where he first brought out the design of the 

* Liverpool ' without sucoeas, until the gauge contest of 1845 brought it under the 
favourable notice of the London and North- Western Bailiray Directors. The sepa- 
rate crank-axle of Mr. Crampton's ' Folkstone * locomotive is also one of Mr. Bmnel^s 
early plans, which was taken out of two engines to Stephensonise them. The only 
difference is, that Mr. Crampton uses a side-rod whilst Mr. Brunei used toothed* 
wheels to connect the respective axles. For these two designs, as embodied in the 

* Liverpool* and ' Folkstone,' Mr. Crampton roceived the highest class or Couneil 
medal of the Great Bxhibition. 

Description of the Engravitujs. 

Fig, 1 is a longitudinal section, shewing the general arrangement and outline of the 
' Lord of the Isles ' engine. 

Fig. 2 is a transverse section through the front and back fire-plaoes on each side of 
the central water partition i>, in fig. 1. 

Fig. 3 is a transverse section through the smoke-box g, and cylinder x, steam pipe 
T, and blast pipe x, fig. 1 ; also through the steam chest q q and slide valves h h 
fig. 3. 

The same letters apply to the same parts in each figure. 

Fig. 1. — A represents the cylindrical part of the boiler, 10 feet 9 inches long by 
4 feet 10 inches in diameter, made of the best wrought- iron plates, well riveted 
together : B is the rectangular fire-box case, with a semicircular top, as seen in 
figs. 2, 3, also made of best wrought-iron plates, and securely riveted to the horixontal 
part A by means of a strong angle-iron ; o, the rectangular smoke or cylinder box 
with a semicircular top, as seen in fig. 3, also well riveted to the boiler. Viewed 
externally, these thive separate divisions fjrm the complete outline of the boiler, to 
which the machinery is attached. Internally, c is the copper fire-box fixed to the 
outside case b at its lowest edge by a double row vt rivets. Immediately above 
these rivets the copper is bent inwarvb, as seen in figs. 1 and 2, so as to leave a 
water space areraglng about 3 inches wide all round between the iire-box c and 
outside case b. As these flat sides prtsent a large surface in a weak form to the 
force of the steam, they are strongly tied together by numerous copper stays d dy 
screwed through both plates and the ends riveted over, as shewn in the upper ode 
part c of the firo-box, fig. 1, or lower back part cf, on the right-hand side of fig. i. 

In fig. 1, f is a side view of one of the strong wrought-iron stays which rest 
on the vertical sides of the copper fire-box and support its flat top^ which is stnmgly 
bolted to it, as shown in the figure, or sectionally in fig. 2. 

•*, fig. 1, is one of ten longitudinal wrought-irrn stays which tie together the flat 
eC tki boiler, bo as to resist the for^e of the steam. In fig. 2 they aie 
NBi»«|a'ybetwtciithefiie-box top stays <c. In all stean boilen ilie ill 
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tf ttqain U b« mj atroofl; ttojed for teenntf, wbicU vill b« spiwnnt «rbcn 




itii itated that it & pr»EiiTs of lOOttn. p«r iqnaTe iocli, tbe 'lord of theli 
Mkr-«aM »nd Are- box would bare to resist a force ot abont 31 S6 toni. 
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D U a lranite»e*Bter partition about 4 incliai wide, whioli diiidw Um lowd part 
or tho fire-box c into two aeparato lire-places k e ; the Sat copper eidea are Gimlr 
BCreirod nod riveted togetbcr by tlie co)>per B\ajH d, Gg. ], or at d, tg. 2, left-hand 
wde, TransToreolj, u aeen in fig. 2, it ie cnrved npwardfl from the centre at eub 
aide towards the tup of ttie £ra-box o, to which it is riTeted, u sheva in the figure, 
while the right-hand ude shews the back of the fire-box below the tubalar Ana ; 
El, the two separate Gro-grate bars, Sgs. 1 and 2 ; r, the door bj which fad ii 
supplied to the firat-placw; c c c, Sg, 1, the tnbolar flues, 305 in number, each 
II feet long b; 2 inciiea oaLside diaiDoler, through which tiie prodneta of oamboitian 
pass from the fire-box to tlio chimnej. In tg. 2 their relatire position to eadi 
other is seen, with the firat row commencing immediatelj below the lop of the fire- 
box : 0, the smoke-box, in which are placed the cjlinders, steam'chiat, blut-jupe, 
and iteam-piiw. On the 
«ithro«shthoFiro-pUcM. jop of the «moke-boi, 

and with ita centre rer- 
tical to the blaat-jripe 
oriGce, ia placed the 

I is the steam pipe, 
turned at right an^M 
nhere it enters lia 
smoke - box, tad oon- 

chest q q, fig. 8. Bie 
horizontal port extends 
nil the length of tlie 
boiler Aid fiie-boi, and 




upper side, to avoid the 



icitLitioi 



f thew 



IIiD boiler when the pnt- 
sure ia either anddenlj 
TclicTcd at one part bj 
turning the steam on to 
the cjlinders, or increased 
bj shutting it off trina 
them. This was ooe of 
HawlLam'a patent*- The 
legukitor handle is shewn 
as bent down past the gauge cocks m, n, o, and gbn gauge j. A rod panes from the 
handlealong the centre of the steam pipe I to the regular Yal re placed at the top of 
the TSrtical part of the iteam pipe i in the amoke-box, as shewn in fig. 1, or its 
cnrerat the back ofthe blast pipe X, fig. 3. lu fig. 2, the transreise position of the 
■team pipe ia clearly seen guarded by the wat*r 'baffle' plates//, to placed to pre- 
Tent any oonsiderable body of water risins over the pipe or cnleriug it with the steam. 
Hear the 'baffle' plate/ on the left-hand side of Gg. 2, ia seen the end of the bdmU 
•torn-pipe fijT conTejing the spare steam to heat the toed water in the tender, wheie 
** ■•k" ■ peenliar rattling noiao when turned on by opening the cock seen onteide 
HllK«tk«MK« aide. 4 ia UiegUsa gauge lobe fitted nicely iate two bnn 
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■ockeU ftttaeii»d to tlia front end of tte Sre-boi cue n. Ibe tipper end ia op«n to 
tba alMin tad tibe lower end to the inter, by which meam the relntlTe heights of lbs 
w&Ur and itewn ore nen b; the diiTer. m, n, a, are three gangs cocks fitted into a 
bna tnb«pl&ced parallel to the glus tubs. The upper one, m, apena to the etesm, 
ind the two lower one*, n, o, to the water, ki that in case of aocident to the glass 
tuba the; nu^ ba used to guide the driver in managing the engine, k ii one of the 
two mM; tbItm plued aide by ride, aa shewn fig. 2, where a leror ii attadied at ila 
dtcanuty to one of Baltar'a spiral iipring weighing maehioee, partly seen, bj whose 
indiotloD the preasnre on the valre is regulated. This valve is under the control of 
the diivar to lesaea tba pressure, hut only very limitedly so to ineivase it. The other 
sabty nlve is r^ulated by a spiral spring placed vertically over it, and screwed down 
to giT« aboat C Ita. more presmre per square inch than the steelyard levar safety ralvo, 
at whidi the steam should first blow oB. Ibis last valve is not under the coatrol of 
tha driver at alL 



i the ejlinder, in 
is fitted ateam-tiglit 
ton o, fig. 1, wboae 
1* are (bawn in tha 
f both 



^liadcrB ii 



\ 



— Tnuuvcrae BoctioD thiougb the Smgko-ISoi. Ac. 



a fig. S, where 
■ ■ ftre tba two slide 
valvei which r^olate the 

Iba cylindera, and ila 
Me^a from tha eylinders 
to tha atmoapheit. 

Hia; an of the nsnal 
D clan, slentad in the 
eantia and planed flat faces 
OD tha sidM, for sliding 
atiam • tight agaiDit tbe 
beef ^ the flinders, inr* 
muding ttia ttttun pas- 
Bigca to the eylindsTS and 
atmoqlma. There are 
thiae of thcaa passages, of 
which one at e*e)i end 
admila ttcMn to or from tha 
erlinlart^ and one in the 
eentis, open to tbe atmos- 
pbate Ibnmgh the blast 
lip* X. When in a central 
posttioii, tbaaa three pas- 

Mgcaor 'porta,' as they are frequently called, are all covered by tha slide valves h n. 
Os tlwM Talvee being moved until a portion of one of the end pasxage* is open, the 
staam entan tbe ejlindeis and pressea the piston o before it, whilst the steam on tha 
OffuaU nda of tbe paton escapes by the opposite end port, past the inner edge of the 
alsTBtedputof the valvo, thronghtha central port and blast pipe x into the chimney ir. 
Dniing tbe return stroke, a similar action takes place from the oppoaite ends of the 
a^indan, and the time tAkea in these separate acta is distinctly oonveyed to the ear b; 
tt* Mpanla ' beat*' or eoncuasions of tbe escaping steam against the air in the cMnmey. 
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At the bock of the driviiig'vheel guard-covers, on each ade of the holier, fig. 8, 
is a cup, with a bent pipe inside the smoke-box, to conTcy tallow to lubricate etdi 
slide valve h n. p is the piston rod, whose end is keyed or screwed into the cro»* 
head or guide which moves in a line with the cylinder between the two gaide-han 
shewn in fig. 1. The opposite side of this cross-head guard has a spherical bearing 
which is grasped by a concave bearing, keyed on to the end of the connecting rod % 
whose other end is also keyed into a cylindrical bearing which grasps the cimnk q, 
of 12 inches throw. On this cranked axle the driving or propelling wheela u are 
fixed. 

The pumps are not shewn, but are placed in a line with the motion bar, and worked 
directly from the cross-head. 

To the front end of the frame a are attached two leather 'buffeni* filled with Lair, 
coir, and cork shavings ; also the rail-guards below, to clear off any obttmeting 
body on the rails. One of each is shewn in the fignre, as well as the diag-ohaln for 
coupling the engine to another vehicle. 

T, fig. 1, is one of the eight springs which furm the elastic base of 20 x 7} = 145 
feet that supports the boiler and machinery on the eight wheels, t t fig. 8, are 
sections of the two leading springs connected to the frame mid- way between the 
two pairs of leading- wheels by vertical links from the centres of the springs. Eadi 
end of these leading-springs is supported by a vertical rod resting npon one axle-box 
of each pair of wheels, so that one spring on each side sustains the weight of the front 
end of the engine on the two piurs of wheels. One of the four driving-wheel springa 
is partially seen in fig. 1, with its centre connected to the under-side of the axle-box 
and its ends connected to the frame by a hooked screw-bolt, to regulate the weight np<Ni 
these wheels. Of the others, one is opposite and two above the axle under the frame. 

u is one of the driving-wheels, 8 feet diameter, made entirely out of malleable iron 
scraps, with a plain steeled tire outside, slightly shrunk on and farther eeenred by 
the set-screws shewn in the figures. The other wheels are 4^ feet in diameter, also 
made from scrap iron, and having steeled tires with flanges on them, to guide the 
engine on the rails. 

In fig. 2, the elevation of the driving-wheel, guards, hand-rail guides, and aide staya 
which fix the boiler to the frame resting on the axle-boxes by the spring pins, are seen 
on each side. In fig. 3 the front axle, axle-boxes, side stays, and springs are ahewn 
sectionally, with the driving-wheel, guards, and hand-rail supports in elevation : t is 
the connecting-rod of the opposite engine on the centre or pow^less point where the 
crank q and connecting-rod r are exerting their greatest power. Below b, and on 
each side of v, are seen the eccentric rods connected to the suspended curved * link,* 
which works the slide valves n n, on the plan called the *link motion,* first success- 
fully introduced by Mr. Gray on the Hull and Selby Railway, which success led to ite 
modification and general adoption on most locomotives. 

The object of the * link motion' is to enable the driver to vary the quantity of 
steam admitted to the cylinders according to the load against the pistons, which it 
does by giving the slide valves more or less travel according as they are worked from 
the centre of the curved link or any part towards its extremity. When worked from 
the extremity, the travel is greatest and the steam-port longest open, which admits 
most steam to the cylinder, to overcome heavy loads, gradients, or starting. As the 
slide-valve connecting-block is moved nearer and nearer to the centre of the link, the 
travel of the slide-valve becomes less and less, thereby cutting off the steam sooner 
and sooner from the cylinder, to promote economy in working the engine. 

A lever handle, placed conveniently for the engine-driver, is connected by a long 
ride red to the vertical arm of a bell-crank shaft. The slide-valve links are attached 
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to the horiioiital anni of this shafts one of which ib seen above the centre of the 
Beeond front ▼heel, in fig. 1. As the driver, therefore, moves the lever handle from 
the oentn 'notdi* or eateh ▼hieh retains it, the position of the valve connecting link 
is varied 1^ its end ilidlDg up or down in the carved link. The motion is so arranged 
thai wbta the handle is moved towards the front, the engine is in forward gear, and 
nns in thai direetion ; bat when the handle is moved from the centre backwards, the 
engiBe is in backward gear, and rans backward . 

w is the aahpan fitted ap against the lower edge of the firc-box case b, to receive 
the aahei or cinders falling from the fire-grates a x. The bevelled side toward the 
front la doted with a flap-door when not working, to prevent unnecessary combustion 
by ezclading the air ; bat when ranning, this flap is opened by the driver, to admit 
air to pass throagh the fire, and promote combustion. 

z is the blast pipe for conveying the steam from each cylinder to the atmosphere^ 
so as to promote a rapid combastion of fuel and generation of steam. As shewn 
in fig. 8, the two pipes are joined together near the upper extremity, to form only one 
orifiioe, 54 inches diameter, central with the chimney. This orifice is regulated in 
diameter hj the quantity of steam required in a given time. If the boiler possesses 
IsTge generating power compared with the duty it has to perform, the blast pipe can 
be enlaiged ; but if the boiler*s steaming power is small as regards the duty, the blast 
pipe has to be reduced in size to increase the velocity of the escaping jets of steam up 
the chimney, and consequently the velocity of the air through the fire, to promote 
more rapid combastion. Since the compression of the escaping steam throagh the 
blast pipe causes an opposing or back pressure in the cylinder against the piston, it is 
a deaideratom to make it as large as can be done, to make that back pressure as 
limited as poesible. In the ' Lord of the Isles * class, at all velocities below 40 miles 
an hoar, the back pressure little exceeds that of the atmosphere, which of coarse is a 
constant pressure ; but after the exhaust or escai>e port is closed, the atmospheric 
pressure of ISlbe. is compressed until it reaches at the last instant a considerable 
amoont, ready to act in propelling the piston the moment it commences its retom 
stroke. 

This important yet simple part of a locomotive engine was first practically intro- 
duced in railway locomotives by Mr. Hackworth, and first prominently exhibited by 
him at the liveriKwl trial of locomotives in 1829. 

In fig. 3, jf jf is a series of iron strips fitted up similarly to a Venetian window-blind, 
which are raiaed to stand out' parallel with the tubes when the engine is at work, but 
shut down over the tubes when not at work, as seen in fig. 3. The manner of their 
jointing to the closing and opening rods is shewn sectionally at y y, fig. 1. The lever 
by which this is done is seen at the left-hand side, and is connected by a side rod to 
a handle within the reach of the driver. The outside circle shews the relative 
di a met er of the top of the fire-box case b, fig. 1 , to that of the smoke-box 0, on which 
the ehimn^ is fitted. 

The prindpal inventions embodied in this engine are modifications of Braners high 
wheds^ Stephenson's fire-box, tubalar flues, slide-valve arrangement, and springs; 
Hawthorn's steam pipe and four separate eccentrics ; Gray's expansive valve motion, 
Hsdcworih*s blast pipe, Fapin's steelyard or lever safety valve, and Bastrick's lock- 
«p safety valve. 

The fire-box heating surface is 156 square feet, and the tubalar flue heating sar- 
&ce 1759 square feet, or a total heating surface of 1915 square feet. The cylinders are 
eieh 18 inches diameter and 24 inches stroke, with a driving wheel 8 feet diameter. 

The extreme evaporative power is stated as 1000 horses, and the effective power as 
743 horses. 

roil. ni. 
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With an ordinary mail train of 90 tonB, at 29 miles an hovLr, the eonsumptioA of 
coke has ayeraged 20*8 lbs. i>er mile. 

This consumption is, howeTer, eyidentlj not an areiage oonnimpiioii for aTMtge 
work, bat that due to a speeial train under fayonring oircnmstanoes. The real aYvage 
consumption of ooko per mile will be from 40 to 50 per cent, higher, or from 28 to 
30 lbs. per mile. Such is the influence of a few milee* greater qwed per hooTi and 
ordinary contingencies, in all locomotiyes, without reference to gauge. 

crampton's patent locomotites. 

In describing the ' Lord of the Isles ' broad-gauge engine, we haye referred to the 
circumstances which first brought this class of engines into public notice. Before 
that time, the general practice was to place the driving wheels below the cylindriea] 
part of the boiler, as adopted by Mr. Stephenson soon after the locomotiye trial on 
the Liverpool and Manchester Bailway in 1829. Mr. Crampton*8 proposal to place 
them behind the fire-box, and lower the boiler altogether, met with no fi^Tonr at first 
from the adherents to the older form. The exigencies, howereri of the narrow gauge 
overcame the prejudice existing against his engines, which are now aeknoidedged 
as a valuable class both in England and on the Continent. In England, the 
'Liverpool,' constructed by Messrs. Bury and Co. on Crampton*s patent^ is the most 
powerfal of them yet made, having cylinders of 18 inches diameter and 24 indieg 
stroke, with driving wheels of 8 feet diameter. The heating surfitoe iB in propor- 
tion, amounting to 154 square feet of fire-box, and 2131 square feet of tuhalar flue 
heating surface, making a total of 2285 square feet, or about 370 square feet more 
than in the ' Lord of the Isles,* with equal-sised cylinders and driving wheelfl. The 
weights of these two engines are nearly alike, only i^varying about one Urn, the 
< Liverpool ' being stated as 32 tons, and the ' Lord of the Isles * as 81 tona. 

For symmetrical appearance, the ' Liverpool * has a less bold and plowing outline 
than the engines of Stephenson's form, as exemplified in the ' Lord of the Islee.' 
However, what is thus lost in appearance is gained in safety, by lowering ^e boiler 
until the relative centre of gravity is lower for a narrow-gauge engine than for the 
existing broad-gauge engines. To those who had an opportunity of seeing both the 
above-named engines in the Crystal Palace, this would be evident, and oonstitutet 
their chief difference from the usual form on both gauges. It is also the low oeotie of 
gravity and position of the driving-wheels which enables them to compete with the 
broad gauge in i>ower and safety within the limits of weight economically suatainable 
by the rails and permanent way. In the new edition of Tredgold there are elabonte 
engravings of the ' Liverpool,' as exhibited by the London and North Western Bail way 
Company in the Industrial Palace, Hyde Park. This engine, it may be remarked, 
worked well, but was laid aside, along with another large 8-wheeled engine of Mr. 
Stephenson's, as too heavy for the roadway. The Gh-eat Western Railway Con^NUij, 
however, persevere iu working their large engines at 110 lbs. pressure of steam, 
r(^;arding them as more economical for the heavy traffic of the London end of the 
railway than the smaller engines worked at only 75 lbs. pressure. Deducting the 
atmospheric pressure of 15 lbs. from each, it gives, for equal-nzed cylinders^ a working 
pressure of 95 lbs. to 60 lbs., or as 1 to 1*58 in favour of the large engine^ without 
reference to size of cylinder. 
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Dctenplum o/He Ertfjravaigi 
Fig. 4 ii » lida elenUoD, ihewuig the General ■ppe«niiice of the engine tnd 
> of the Hheeli utd nuchiaerj 




Iht prineiii^ dimenalona oE this eogme nroi — oflinden IE inches dikmster ami 
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21 inches stroke, with driyiog wheels 7 feet diameter. The middle wheels are 3 feet 
diameter and 8} feet in front of the driving wheels. The front wheels are 4\ feet 
diameter and 7i feet from the middle wheels. The base resting on the rails is tliere- 
fore 16 feet in length bj 5 feet in width to the centre of the rails. The base resting 
on the springs is 19 feet in length by 8 feet in width, and the area of the entire frame 
24 feet by 8 feet wide. The frame is made of two wronght-iron plates 84 inches deep 
by 1 inch thick, and 22 inches apart on each side. Within this doable frame the 
wheels are placed, having Inside axle-bearings for the driving wheels and outside axle- 
bearings for the two pairs of supporting wheels. The side frames are strongly bound 
■ together by the foot-plate behind the fire-box, a carved stay-plate in front of it| two 
more where the cylinders are fixed, and two below the smoke-box. The front buffer 
bar is of oak, 6 inches thick, and carved down to 2 J feet deep, to clear the smoke-box 
door : it is strongly bolted to the sides of the frame, and has two staffed leather 
bafiers fixed in frx)nt of it. Viewed externally, the fire-box is 5 feet 1 inch long and 
4 feet wide, with a semicircular top on a line with the boiler, which is also 4 feet 
diameter. Internally, the fire-box is 4 feet 5 inches deep, 8 feet 4 inches wide^ and 
4 feet 5 inches long. The top stays are 8 inches deep, well bolted to the top, and 
also fixed to the top and both ends of the outside boiler cases, besides resting on the 
vertical sides of the fire-box, similar to the * Lord of the Isles.* The cylindrical part 
of the boiler is 4 feet diameter and 11^ feet long, containing 177 tabular flues, each 
2 inches diameter and llj feet long. It also contains the receiving steam pipe, 
extending all the length of the boiler, and 5 inches diameter, but only 81 inches 
diameter over the fire-box. The flat ends of the fire-box case and smoke-box are 
further stayed together by six wrought-iron longitudinal stays. The connecting rods 
are 7 4 feet in length, and the eccentric rods 5 feet long. The top of the boiler is 
6 feet 10 inches from the rail, and 2 inches below the top of the driving wheels. The 
bottom edge of the fire-box is aboat 1 foot from the rails. The orifice of the blast pipe 
is 5 inches diameter, but is fitted up with the means of varying its Bie, by the rod 
seen alongside the boiler to a small crank near the chimney. 

The average velocity realised with ordinary tr^ns by this engine is about 45 miles 
per hour, and the extreme velocity about 63 miles per hour. 

On examining the figure, it is seen that the top of the fire-box and central part of 
the boiler are parallel with each other, and the whole outline is much lower than the 
usual form of eoglne. The driring wheels are also observed with their axle imme- 
diately behind the fire-box aud over the foot-plato. These are the two distinctive 
features of Crampton's engines, viz., a low centre of gravity and the driving whed 
axle behind the fire-box. By this arrangement the greatest weight is placed on each 
pair of extreme wheels, and the least weight on the centre ones, to insure greater 
steadiness, and less risk of leaving the rails easily. For instance, there are about 10 
tons on each pair of the driving and front wheels and only about 7 tons on the middle 
pair of wheels of this engine. 

This is considered as a point gained in safety, by preventing that tendency to 
oscillate when the greatest weight is balanced on a central pair of driring wheels, whilst 
the hinder jiair has only a nominal weight to support, or an overhanging fire-box 
without the check of a pair of wheels, as in Stephenson*s long-boiler class. 

It is the position of the driving-wheels and their diameter which determines the 
height of the boiler in the ordinary class of engines, and when these wheels are high 
and their axle cranked, the boiler is also necessarily high above the rails. The * Lord 
of the Isles' is of this class, with a boiler 68 inches diameter, raised as far above the 
driving axle as to allow the cranks and connecting rods space to revolve round the 
axle^ by which its height from the rail is about 9i feet. With a boiler 60 inches deep 
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■Bd driTing irhNliof tba ntma height, the 'LirorpiMr is oal; about 7} fe«t high 
frnn thaimils. 

In enginM witli the driring wheels behiad tha £re-bai, tho height of the bailer 
depands upon ths diameter of the sapporting vhaeU »nd the diatuioe it U deainbla 
to keep th« lowert edge of the fire-box ahare the nil ; hence (ha difference between 
the reqiectiTe height* ot the ' LiTsrpool ' &nd the ■ Lord of the lalea.' The uueied 
diignmi will mora clear); eipliun the diSerence referred to. Pig. 6 ia an ontline 
of one of Btephenaan'a long-boiler enginee, with driring wheel 0| feet diamaler, la 
thii clui, the cmoke-box OTerhuiga the front wbeela, and the fire-box OTerhangi the 
driring wliaal^ which ara placed behind the snpportiog wheels. It ma; be noted tliat 
f the nmal central position of the driring whaelj bj Bh^enww 



nateriallj aided Cnunpton 
in getting hil plan tried, for 
it WM abrioni that greater 
aJatraod ateaiiUnewwonld 
he obtained by pla^ng the 
wheeli behind the fire- 
box than in front of it. 
In Stephenaon'a old short 
boiler enginea the wbeele 
wete arranged otherwue, 
aa if tha middle wheels, 
Ig. G, wete taken ont 
and placed behind tha 
fin-box, ai in the ' Lord 
of the lalea.' Fig. 6 ihewa 
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of the boiler, fig. 6, whilit 

fig. 8 ihewa the relatira 

luight of a boiler orer a 

cranked axle in wheels 

8 feet diameter. Fig. 7 

■hewa the eomparatire 

beigbt of the boiler of one of Crampton's engines with 8-fMt driring-wbeels. The 

Jil&Tfi— in point of nfetj is obTions. 

It it, howerer, erident that Crsmpton's plan coold also be applied to the broad 
gaige, bat onder the dissdrantage, alreail; great enough for the narrow gange, of 
inetnaiag the distance from the centre Una of progreasion to tho centre line of pio- 
poluoa \j the ejlindan. Inside- CTlinJer engines hare those centres nearer each 
other, lAidi tends to prerent oacillation with a high centre of giaritr, and the 
finder) are well protected from external cold in the amoke-box, whilst ont«id»- 
^linder engines are neceasaril; leas protected, and ii:ore distant from the centra of 
pcogianon. In a later p«tent Mr. Crampton has lODght to obriate these diaadran- 
tafn aod still retain a comparatirel; low centre of grsrity, bj introdacdng a separate 
ennk axle^ aa in Trerithiok's first locomotire of 1803, and in two broad-gaage 
Mlinca of 168S. 

This plan la carried ont in the ' Polkstone,' where the cjlinderB are placed in tha 
nnoke-box inside tha frame, and the machinery of piiton-roda, link motion, pnmpa, 
md cranked axle is placed below the boiler, aa in the ' Lord of the lalen.' The 
assked axle has no wheels on it, and is placed as low at is practicable, with ila ends 
Muteted to the driring wbeela bebiod by side rode, aiioilar to luggage tnis tnginei. 
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For these combinations of locomotive machinery the Coundl medal of the Qnat 
Exhibition was awarded to Mr. Crampton, as the designer of the 'LiTerpool' and 
the ' Folkstone ' looomotiTe steam engines. 

A considerable number of Crampton*s engines are now employed, Tarying oolj 
slightly in detail from the example here giren, and a few also on the plan embodttd 
in the ' Folkstone.' The fall detailed description of the ' Lord of the Ldes * leBdm 
it unnecessary to do more than point out generally the similar details of CramptOBi'i 
engines, which combine the same inyentions as are in the * Lord of the Isles^* wikk 
the differences already described. 

In fig. 4 the length of the fire-box is shewn by Tertieal dotted lines; it u 
strongly stayed, and similarly constructed to that of the ' Lord of the Iale%* eKeepting 
that it has no divisional water space in the fire-box. The ' Liverpool ' hai liowieTer » 
longitudinal water space in the fire-box, open to the water at the top, and diTiding ilia 
fire-box top into two parts, but only reaching downwards to within 7 inehfla of the 
fire-grate, which is therefore not divided as in the fire-box of the * Lord of the Ldea.' 

The front of the tubes is also open to the products of combustion, wliilift the 
upper parts of the fire-box sides are carved outwards to increase the tabular area of 
the boiler, as now also adopted in some broad-gauge engines. Prom this deMripiioa 
it will be understood that the water partition of the Livcrpoors fire-box la longitii- 
dinal from the top downwards, whilst it has been shewn that the water partition of 
the * Lord of the Isles ' is transverse and curved upwards from the bottom. 

The positiou of the cylinders is seen between the front and middlo wheela oniaido 
the boiler, and well fixed to the double frame. The steam pipe is seen jMuauig from 
the regulator chest on the top of the boiler to the steam chest on the upper aide of tho 
cylinder. When the regulators are opened by the rod seen on the top of tho boiler, 
the steam passes down the outside lateral pipes, 4 J inches diameter, to the steam 
chest, where the slide valves distribute it to the cylinders. From the <9lindera the 
steam escapes by the oblong circular passages below the slide valves, and along the 
pipe leading from the cylinder to the smoke-box, where the two side ppea are tamed 
upwards and united to form the blast pipe. Immediately over the blast pipe is fixed 
the chimney, 1 5 inches in diameter, with a cover fitted on its top to check the draft 
on the fire when the engine is not working. The vertical rod and handle are aeen 
by which the damper is turned off and on the chimney as required. 

For want of this simple process of working this damper a fire-man was killed €« 
tho Great Western Railway, by his head being jammed between the chimney and the 
joist of the shed, as the engine moved from rest, whilst he climbed up to remove a 
loose plate by hand from the chimney-top. 

Behind the middle wheel is seen the position of the piston rod, goide Imuv, and 
cross-head, with its union with the rod which connects it to the driving wheels on 
which the sheaves of the eccentric are fixed. Two of the four eocentrica are shewn with 
their rods jointed to the upper and lower end of the curved * link * which is attached 
to the slide-valve rod by a slide block, moveable inside the link. As draw% the 
lowest eccentric rod is in < full gear * for working the slide valve. Behind the driviag 
wheel is seen the reversing lever, with its connecting rod leading to the reversing shafi 
arm near the middle wheel, having another arm cozmeoted to the top of the cnrfed 
link. By this hand-gear the driver moves the link up and down the sUde-valve rod . 

^ Ike travel of the slide valve and expansive action of the steam ^« 
iopirfbnn, as described in the link motion of the 'Lord of tba»^ 

^ shaft, the drcalar weight is attached, to balanee 
•OMBtrie rods, so that they may both work and 
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rerened with greater ease. When the 'link * is suspended from the boiler as in the 
'Lord of the ItleB,' the sospension rods snstain the eccentric rods and * link,' so that 
no balance weight is required. From the lower sides at each end of the cylinders are 
plaeed eodks for allowing the condensed steam to escape, opened and shut by the rod 
■eea paMtng angiUarly to the top of the driying wheel and within the reach of the 
driver. 

The tallow enp for lubricating the piston and slide Talve is seen at the upper 
right-hand eomer of the cylinder. 

Near the front comer of the fire-box is seen one of the blow-off cocks, for allowing 
the steam and hot water to be forcibly ejected, and carry down as much of the deposit 
preeipitated by boiling as possible. The handle is seen over the top of the link, with 
its rod down to the cook key. 

Abore the frame, beside the front wheel, is seen the water-supply pump, with the 
pipe to the left which conveys the water into the boiler. The barrel of the pump is 
seen in dotted lines along the frame and in the same plane as the cylinder. The 
]Hston has two rods, one of which connects it to the driving wheels, and the other 
from the opposite end of the cylinder works the pump. The piston is thus supported 
from both ends, which prevents it from dropping down to rub along the lower side of 
the cylinder, as is frequently the case with heavy pistons on the end of a rod. 

Bekw the axle-boxes of the wheels is seen the feed pipe leading from the pump to 
the tender water tank, and suspended from the frame and fire-box. It is connected 
to the tender feed pipe by a ball-and-socket pipe, partly seen near the steps up to the 
foot-plate of the engine. Three of the six springs supporting the engine on the wheels 
are shewn, two of them below and one above tbe frame. They are about 3 feet 8 
inches losg, connected by tbeir ends to tbe frame, and by their centres to the axle* 
boxea. Over each of the wheels is a guard to prevent tbe driver from coming in 
contact with them whilst moving about on the engine, and those over the driving 
wheeh protect the men on duty from side gales or storms. A hand-rail passes along 
from the driving-wheel guard to the smoke-box, for the men to lay hold of when going 
to the frtttt of the engine. 

Above the driving-wheel guard is seen one of the safety-valye levers, the * locked- 
up' one being alongside of it. 

In frtmt of the diimney is seen the signal-lamp socket, and in front of the smoke* 
box the handle for opening and fastening tbe smoke-box door. Below tbe smoke-box 
is seen the lail-clearing guard, strongly bolted to the frames. 

flICnON V. — ON THE DIMENSIONS OF THE LOCOHOTIYE ENQINB BOILER 
Df RELATION TO ITS EVATOBATIVE POWER.* 

" In the firs-box and boiler resides tho real sourco of the power of the 008106.**— Pambour. 

1. The object of this Section is to determine the dimensions of a locomotive boiler 
requisite to furnish steam for any given number of horses* power ; and, conversely, 
the erapoimtive power of boilers of given dimensions. 

Iioeomottve boilers generally have been too small for the work they have had to 
perform : hence the tendency to work them at a speed and pressure greater than is 
ttA to those around them. Considering the great extension of railways, and the 
ebeenrant habits of railway engineers, it is to be wished that some investigation of a 
more philosophical kind than the present were directed to this subject, and more 
espedaUy by those whose connection with railways renders them more competent to 
"the task. No one can be more conscious than the writer of the imperfection of the 



• By R Armstrong, C. E. (late of Manchester). 
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present step towards the opening up of snch an inyestigation ; but he tmsta to the 
circnmstance of its being a step in the right direction, and on ground entirely unooea- 
pied by others, as some excnse for the attempt. 

The boiler of the railway locomotiye steam engine may be shortly defined aa a 
* cylindrical fire-box boiler,* with nnmcrons small tubular flues, and ' direct draft* 
produced by discharging the ' exhaust ' steam through the chimney. This definition 
is intended to point out, in a popular sense only, what would be the true position of 
the 'locomotive' amongst the numerous varieties of 'stationary* boilers, if taken 
from its carriage and set on brickwork. 

In applying new methods of computation to such purely practical matters, it will 
bo best to adopt the synthetical mode of giving, as we proceed, the rule and the reason 
for it at the same time, — trusting to some analogical experiments with stattonazy 
fire-box boilers, as a connecting link between the perfect stationary and the perfect 
locomotive boilers, to make our case complete. 

2. The * egg-ended * cylindrical boiler being the simplest and perhaps the best of 
all stationary high-pressure boilers, and easily appealed to in corroboration or cor- 
rection of what we advance, almost every one being conversant with it> it will be 
best to take it as the groundwork for the data to be employed, assuming only, for 
our present purpose, that the plain cylindrical boiler with fiat ends is in its evapo- 
rating power substantially the same. This is, in fact, identical with the common 
' barrel bailer* of the North of England Collieries ; and when set up with a 'through 
draft,' or without side flues, or flues of any kind, as it frequently is, and with the 
furnace-grate at one end, of the same width as the boiler itself, it brings us one step 
nearer to the condition of the locomotive, and so far assists the comparison we are 
instituting. 

3. Now it is not a mere matter of opinion, but the result of numerous experiments 
instituted ux>on a large scale for practical purposes ordy, — carried on under the 
inspection of the writer, and recorded in a work especially devoted to the subject of 
stationary boilers, — that the evaporative power of a boiler of this descripUon, with a 
certain assignable amount of draft and quality of fuel, depends upon three points, 
which are as follow : 

First. On the area of the fire-grate, or the area of the heating sur&ce imme- 
diately over or very near it, exposed to the direct radiation of the heat from the 
burning fuel. 

Secondly. On the whole area or extent of heating surface exposed to the upward 
action of the flame and hot air within a certain limit. 

Thirdly, This limit is, that with a furnace-grate and bars of any ordinary construc- 
tion, and common coal, there is no appreciable loss of evaporative effect, if the area 
of the efiective heating surface only exceeds that of the fire-grate or radiant heating 
surface immediately over it, in the proportion of nine to one. 

Although the above data for stationary boilers have direct relation to their evapo- 
rative powers alone, irrespective of their economy, experience has proved that the 
proportion of not more than to 1, or a square yard of heating sur&ce to a square 
foot of fire-bar, is also the most economical ; and that by using fuel of a stronger 
heating quality, or by an inci-eased draft, which amounts to nearly the same thinj^ 
even a somewhat less proportion of heating surface is sufficient to render any addition 
to it unadvisable in any case, as costing more than it is worth. 

4. Applying the above proportions in practice, it was also found that there was no 
difficulty in evaporating a cubic foot of water per hour for each square foot of fire- 
grate, even with inferior coal ; and that with the best coal, and careful management 
in feeding the fire, a proportion approaching to half a square foot was sufficient. 
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5. Taking the OTaporation of a cubic foot of water per hour to be amply sufficient, 
as it i% for each horse-power in a common Boulton and Watt engine working nnex- 
pansiTelyy the power (P) of any boiler to supply such engine with steam may be 
represented by 

where F — the area of fire-grate in square feet, and S = the effectire area of heating 
snr&ce in square yards, nerer greatly differing in amount from F, and never exceeding 
it. Where, howerer, S was considerably less than F, though not less than ^ F, — 
below wluch our experiments did not extend, —instead of the arithmetical mean, we 
found the geometrical mean between F and S to express the nearest approximation to 
the greatest eraporatiTe effect that could be produced, or 

P = (FS)*. 

6. We will not assert that it is impossible to find a more correct expression for the 
relation that subsists between the areas of fire-grate and heating surface when a boiler 
is producing its maximum effect, than the aboye empirical formula presents ; but it 
will not be easy to find one more eligible for ready application in practice. 

The proportions of heating surface to the fire-grate abore given being admitted as 
correct under the given circumstances of quality of fuel and draft, we may apply 
them in ascertaining the evaporative power of the boiler taken as our first example ; 
namely, 

7. The qflindrical Boiler tcith flat ends. — In order to obtain a simple expression 
for the heating surface of this boiler, iu square yards, let L = length of the boiler in 
feet, D = the diameter, and a = 3*1416 ; then, taking the lower half of the cylindri- 
cal boiler to be entirely exposed to the firo, fiame, and hot air,— excluding the flat 
ends, which are generally compensated for by excluding from our measurement a few 
indies in depth of side surface, of about equal value, which is commonly covered over 
by the brickwork below the level of tho central line of the boiler, — we have J a D L = 
the area of the under surface of the boiler in sqnare feet, and 

q_ 1-57 DL_ DL 
" 9 W' 

which, taking our previous data of a square yard of effective heatbg surface as sufficient 
for a horse-power, is also 

57 

8. The cylindrical boiler under consideration may be supposed to have a diameter 
of 6 feet, which will conveniently admit a fire-grate under it of 5 feet square, = 25 
square feet area ; and in order to be arranged in the best proportions for a 25-hor8e 
boiler, as before indicated, would require a heating surface of 25 square yards, or 



P(=2.)=?-<=fi'; 



5.7 p 

whence L= =23-75 feet for the length of the boiler, which is nearly four 

times the diameter : but as it is expedient to approximate these examples as nearly as 
convenient to the more general proportions of the locomotive boiler, we may assume 
that 20 feet will be a preferable length in this case. Its heating surface will then be 
(irt. 7)S = DL-i-5-7 = 6 x 20-7-5*7 = 20*9 square yards ; which, being less 
than the number of square feet in the area of the fire-grate, the correct value of P is 
(by Art. 5) = (F S)i= V25~x~2l = 23 horse-power nearly. 
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9. In pursoanee of this iiiTestigaticm, it may now be supposed tli*t for the purpose 
of increasing the heating surface and consequent eoonomj of this boiler, and Isr 
diminishing the quantity of water it contains, in order to bring it nearer the oooditifaa 
of a locomotiTe, it is determined to put into it a cylindrical flue of 4 feet diameter, 
passing longitudinally through it from end to end. Supposing abo that the fire-grate 
remains as before, but that instead of the smoke passing direct from below the boiler 
into the chimney it takes one turn through the inside flue, let us examine the amount 
and the effect of the additional heating surface which is thus obtained. 

10. It has been found by repeated experiments with common square or nearly rect- 
angular-sectioned flues, that the top of the flue only is fully effectiye in generating steam ; 
the sides, if nearly vertical, having very little effect, and the bottom of the flue still Ism, 
or next to none ; and that in a circular flue, whatever effect may be due to the bottom 
and sides, it is amply compensated for by allowing the upper semi-cylindrical portion 
to be calculated to the full extent of its area as effective heating surface. And when 
we consider that the smoke and hot air must act against the inside or upper oooeave 
surface of the flue, in the same manner as they would do against the outnde or lower 
convex surface, supposing the flue to be taken out and fixed up as an extension of the 
boiler, it is evident that the effective heating surface of the flue cannot be reckoned 
at less than we have stated : therefore, in computing the effective heating 8ur£Me of 
all circular flues, the lower half must be entirely excluded as non-effective. 

11. From the above considerations it appears, that the expression for the effsetive 
heating surface of the outer shell of the boiler must also be the correct one for that 
of the inside flue, or S = D L -r- 5*7 = 4 x 20 -^ 5-7 = 14 square yards, whieh, 
added to the heating surface of the shell, ==21 square yards, as before found, gives 
35 yards as the total effective heating surface of the boiler and flue. Snoh a large 
additional surface would enable the boiler to produce the full evaporative effect due to 
its 25-hor8e fire-grate ; and such a boiler for evaporating purposes onljf (though not 
for working a stationary engine) we know from experience to be extremely eoonamical 
of fuel. 

12. The most obvious way that now presents itself to assimilate the condition of 
this boiler towards that of a locomotive, is to remove the furnace from under the 
boiler, and to place one with a fire-grate of the same area within the inside flue. This 
done, the evaporative power and economy of the boiler will remain just the same as 
before, provided the hot air is compelled to return down and spread itself under the 
boiler bottom before passing iuto the chimney. If, however, we discard all the effect 
to be obtained from applying heat to the external surface, and allow the smoke to 
pass direct from the inside flue to the chimney, we acquire a still nearer approach to 
the locomotive principle, and our hypothetical boiler at once becomes the TrevUhiek 
locomotive hoiler^ the great forerunner of Stephenson^s. 

It is certainly true that these proportions of 25 square feet of fire to 14 squaie 
yards of surface, making a boiler, according to our views, of V^5 x 14 = 184 horse- 
power, would be far from economical. But it only requires to have a 14-hor8e fur- 
nace-grate to make it a good 14 -horse boiler for various evaporating purposes ; and 
with a steam dome and a fire-feeding machine it would be equally good as a steam 
engine boiler. 

13. The first improvement that suggests itself in the last-named boiler is to take 
out the hurge flue and to substitute two smaller ones instead, each of 2 4 feet diameter, 
thus increasing the effective heating surface to (2 J x 2 x 20 -f- 5*7 =) 174 squaro 
yards. This, with a fire-grate in each flue corresponding to the heating sur£toe^ 
would make a good 174*horse boiler, not very dissimilar in proportions to some of the 
oldest locomotives. 
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14. Another Tariaiion or extemdon of the principle of the aboTO * doMe-fumaced* 
holler would be its oonversion to the condition of the * circular marine hoiiert^ by 
h*Tiag the two fiiniaoe or main floes made something less in diameter, say 2 feet, so 
as to allow them io be placed lower down in the boiler for the purpose of admitting 
four smaller flves, each of 12 inches diameter, returning from the smoke-box over 
the top of the former to the chimney. The e£fectiTe heating sorfitoe in this case is 
sgsin increased to 28 square yards, making, with an adequate aiea of fire-grate, a 
boiler ef about 28 horse-power. 

15« The next point of Tiew in which to place our hypothetical boiler, in its approxi* 
mation to the locomotiTe^ would be that of a kind called the * Liverpool Patent * eon- 
straetuBy which became suddenly very popular soon after the opening of the Lirerpool 
asd Manchester Bailway : they were precisely the same as the last mentioned, or 
'drsolar narine boiler,* only that they were adapted for land purposes, and a fire-box 
was added. Many of them were made about the time referred to, but they generally 
fiuled for want of draft. They were as nearly as possible the same as those called 
' Sttumi* American BinUrs,'* of which some yaloable details were given in Mr. Weale's 
' Kngineei^g and Contractor's Pocket Book* for 1848 ; from which it also appears 
that to America belongs the honour of first applying them successfully in steam 
hoats^ in ooigunction with the fan-blast and anthracite coal. Not, however, being in 
p o ss c srion of their actual eyaporatire power in practice, we here giro the dimensions 
of one of a Tory similar kind, many of which came under our own obserration 
ia Lanoaahixe, in 1833, certainly some years antecedent to their re-invention in 
America* 

16. This was a teven-jlued fire-box boiler, 23 feet long in the cylindrical part by 
7 feet diameter, with the addition of the fire-box of 7 feet wide externally by 7} feet 
loDg^ making a total length of 80 1 feet : the internal fire-box was 6\ feet wide by 
7 feet long and 4 feet deep. Of the seven fines three were direct, averaging 13 inches 
diameter by 21 feet long, passing from the fire-box to an internal * take-up,' or smoke- 
box : from this smoke-box proceeded four return fines, each of 12 inches diameter by 
28 feet Jong, passitag over the top of the other three fines, and over the top of the 
fire-box to the firont of the boiler, where the smoke passed out to the chimney, after 
inftVing one turn under the cylindrical part of the boiler. Two of these boilers were 
worked for some years at a chimney with a good draft (equalling a pressure of half 
an ioch of water), evaporating from 40 to 50 cubic feet of water per hour with only 
a moderate consumption of fuel ; which was a greatly improved result compared to 
that obtained from some others, by the same makers, with a greater number of 
imaller flues, and consequently worse draft. 

17. Reverting to our hypothetical boiler of 20 feet by 6, we shall, by putting into 
it a dosen direct tube flues, each of 9 inches diameter, and adding a fire-box of 6 feet 
by 5, again increase its heating surfaoe, while the collective cross sectional area of all 
the tubes is nearly doubled ; therefore, with the same chimney or blast, we know that 
the draft would not be diminished. 

The effective evaporating surface of the floes alone, ors=i>(=*75x 12 = 9ft.) 
X I (s 20) -7- 5*7 = 81 square yards, with a fire-grate of 30 square feet in the fire- 
boi, may be considered a good 30-hor8e boiler. 

18. Having proceeded so far to shew the increasing capabilities of the locomotive 
boiler, considered as an evaporating instrument merely, in its gradual conversion 
from the simple cylindrical stationary boiler to the direct-draft locomotive boiler of 
Trevithick, and through various forms of construction, to the mnltifiue or ' tubular 
fire-box boiler of Stephenson, — computing the power derivable from each alteration, 
and tracing their nearest analogies to stationary and marine boilers, as grounds for 
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Btich compatation, we now introduce another element into the calculation, namelj, 
the radiant heaJling surface of the fire-box. 

19. In calculating the power of stationary boilers, we have always considered the 
radiant heating surface as nearly co-extensire with the area of the fire-grate, and 
therefore the expression for them in any formula for the power as nearly the same : 
where, howerer, the area of the fire-grate is small in comparison with the depth of 
the fire-box, as in a locomotive, the case is very different ; for instead of that part of 
the heating surface in the furnace which is very near the fire being immediately oyer 
the latter, as in a common boiler, the sides of the fire-box are, on the oontraryt 
mostly vertioal, whilst the part which is horizontally over the fire, namely, the top of 
the fire-box, is really the furthest off. Now the evaporative value of different por- 
tions of this surface must depend in some measure on adventitious circiiinstances, 
whioh will vary a little in different cases, such as the direction given to the current 
of air through the grate ; though Engineers have generally agreed with Pambour in 
treating it as if it were uniform in its heating effects, calling all the surface ex- 
posed to the direct radiation from the burning fuel on the grate, indifferently, 
* radiant heating surface ;* whilst the total surface of the tubes or flues, exposed 
only to the hot air or smoke, has been called ' communicative heating surface.* As 
to the communicative surface of the tubes, we have already considered one-half of it 
only to bo really effective in generating steam (Art. 10), for reasons which will 
presently appear. 

20. If we take a square iron box immersed in water, and keep it continually filled 
with a current of hot air passing through it, in sufficient quantity to keep the water 
gently boiling, wo find that the upper surface, when horizontal, generates more than 
double the quantity of steam per unit of area generated by the sides, when the latter 
are vortical, — whilst the bottom generates none at all. These facta are evidently 
quite independent of the action of the hot air on the internal surface of the metallic 
box, which of course is uniform, and arise entirely from the difficulty there is in the 
water getting proper access to, or ooming into close contact with, the side sar&oe 
(except at a small portion towards the bottom), so as to take the heat up with suffi- 
cient facility to become converted into steam. The minute bubbles of steam, as they 
rise more or less rapidly to the surface of the water, constitute, in fact, the condition 
of boil ing, or generating steam, as distingubhed from simmering , or merely heaUng 
the water preparatory to boiling. And whilst this steam thus rises freely and nnob* 
structod, and therefore rapidly, from the top of the box, that generated near the 
bottom or lower portion of the sides, in rising vertically upwards (which it must do 
generally^ is compelled to pass between the surface of the heated iron plate and the 
water, forming a thin current or stratum, aa it may be called, of steam, which by its 
constant interposition completely prevents the proper access of the water to the 
heating surface with sufficient rapidity for effective evaporation. 

A strong illustration of the above general fact is afforded by inclining the heated 
box a little sideways, so that one of the sides may incline a very few degrees from the 
vertical upwards, whibt the opposite side declines at the same small angle from the 
vertioal downwards, wlien the very great difference in the amount of evapoimtioii 
becomes strikingly apparent^ — the bubbles of steam, as they are formed, rising rapidly 
from the elevmte^i side, whilst they hang sluggishly against the opposite one^ and 
appear only to l« driven off at last by actually overheating and injuring the plate.* 

21. It is, moreover, evident that thei>(> must be a different evaporative value for 

• Thi* ii^jury to Wiior )>L;to:s inclined in a wT\n^ p^*sxti- n is not «*■* cvn^pic-; >U3 in the 
t9p£<r fir*^K^x of a Kwiuotivc ;i:f 'ux tLc »-... liro iUs.v >.': .i iii»riiic U'iier. 
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ereiy alieraiioii of the angle of inclination of the generating surface ; as a variation 
of 2 or 8 degrees makes a sensible difference in the amount of evaporation from the 
adt»f whilst any difference in the effect produced by the top is not to be perceived 
even when inclined as much as 20 or 30 degrees from the horiContaL Sufficient, 
however, for our present purpose is the knowledge of the fact now generally admitted, 
that the evaporative value of the top surfaces of fire-boxes and flues, even when 
inclined as mnoh as 45 degrees from the horizontal position, is to that of the vertical 
or very nearly rertical surface, as about tioo to one, 

22. Hence arises a very obvious and ready rule for the practical measurement of 
the efbetive surface of all kinds of flues and fire-boxes. It is as follows : When the 
area of side surflMe does not exceed that of the top surface in any unit of the length 
of the iiae^ take them together as effective surface, which agrees with the rule already 
g^ven in respect of circular flues (Art. 10) ; but when the side surface exceeds the top 
surfiice, then take half of such excess, and adding it to twice the area of top surface, 
Cftll the combined amount the effective heating surface. 

It may here be observed, that in several trials with stationary fire-box boilers, 
nsmg coals, the evaporation produced by each square foot of effective radiant surface, 
measured in the above way, together with a proportional area of communicative 
lurfibce^ was found to be accurately equivalent to that produced by the same area of 
fiie>grate and heating surface in a common waggon boiler, a corresponding consump- 
tion of fuel being required in each case. 

28, From the above it will appear that there is no need to make any reference to 
the area of the fire-grate in any calculation of the power of a fire-box boiler, so long 
IB an equal consumption of fuel is effected by a greater or less rate of combustion or 
otherwise. 

Agreeably, then, to these conclusions, we may take each square foot of effective 
radiant heating surface in the furnace of a fire-box l>oiler to be sufficient for each 
horse-power when common coals and the ordinary draft are used. And supposing 
the normal working condition of the boiler of a locomotive to be that in which little 
or no power is lost by the contraction of the blast pipe, — or when the exhaustion of 
tlie diimney by the simple discharge of the eduction steam causes an average draft 
through the furnace equal to that which is produced by a good chimney for a 
ikttionary engine, or equal to the pressure of half an inch of water, — the cases are 
sufficiently analogous to authorise us to use the same method of computation in 
both. 

24. Equations for the heating surface and horse-power of locomotive engine 
Imlers corresponding to those already given (Arts. 7, 8) for stationary boilers are 
ai follow: 

Sdlj 

= ^, alsoP=cVR& 

where df=the collective diameters of all the tubes in feet; L=the length of the 
tubes or of the cylindrical part of the boiler in feet ; 8= the effective communicative 
heating surface of all the tubes in square yards, never being less than 1 ; R— the 
eisctlve radiant heating surface of the fire-box in square feet, which should not be 
less than S : where, however, R is less than S, the equation for the power F is simply 
PseR; the co-efficient e depending on the combined effect of the blast and the 
quality of the coke, to be determined by experiment, but which in the normal state of 
the locomotive may be considered equal to unity. 

25. The problem now is to determine from some actual case the value of c when a 
locomotive is exerting its maximum effect ; for which purpose we may take as an 
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«iample Mr. 8tephai8oii'8 pat^i six-wheeled engine^ ai giren in the lasi edition of 
Tredgold on the Steam Engine. 

II contains 124 tubes, eadi of If inch diameter and 7 feet 9 inches long. Henee 
i2 = (1| = ) 1*625 X 124 ^ 12 = 16*79 feet» = the coUectiTe diametera of all the 
tnbol^ and S = 1679 x 7*75 ~ 5*7 — 22*8 sqoare yards, == the tgtdict area of 
tabesoi&ce. 

nie total area of the internal snr&oe of the fire-box is 50 aqoare fiBek» the top being 
about lOi and the side snrCftce 394 ; therefore 39| — 104 = 29, ia the exeeas of the 
nde oter the top sorface, of which, according to the mle giren in Art. 22; we take 
half = 144, and adding it to twice the area of the top, we ha?e B =144 + (< x 104) 
=354 aqnare feet for the ^ective radiant sorfiAce of the fire-box ; and 



P = 0^85*5 X 22*8 = 2S*4c. 

Now it i^pears from Mr. Stephenson's account of this engine, that the extent of ita 
power, with steam at the pressure of 50 lbs. per square inch in the boiler, waa about 
77 horse-power, the boiler then eTi4)orating 77 cubic feet of water per hoar hj 8 lbs. 
of coke for each cubic foot. Whence c = 77 -~ 28*4 = 2*7, which gires 

P = 2-7 V^ 

for the hcffse-power of any loeomotire engine boiler on this principle. 

26. We will now give practical examples of the oonrerse of the abore operatioii, 
by which to find the dimensions of a locomotiTe boiler for a giren power ; and as the 
tendency for some years past has been to increased speed and higher ptcssu re, 
consequently giring greater power under the same dimensions, we shall only 
err on the right side by adopting 3 as a round number, instead of 2*7, for 
the co-efficient in the expression for the horse-power of this engine; whilai it is 
certain that the progress of improTement must erentually extend the Taise of 
e to 4, ~5, or even to 6. 

Sgmmple 1 . — ^Bequired the dimena<m8 of the tubes and fiie-bos of a looomotiTe 
boiler of 78 hone-iwwer ! 

The first thing is to fix upon as large a fire-grate and horiiontal area of fire-box as 
the gangs of the rails will permit, whidi we may suppose to be the same as in the 
last example, == IO4 square feet, which will also be the area of the top svrfiMe of the 
fire-box. Now we want as many square fleet of efeditt radiant sur&ee in the fire- 
box as is equal to the giTsn power dirided by the co-efficient 3^ or 78 -?- 3 =26; 
and this 26 feet ( = B) must be made up as follows : — 

Square fe«t of Square feet of 

effectiTe sur&ice. aklB sorfMo. 

Double the top surfiiuie = lOJ x 2 . . . = 21 containing . . IO4 

Half the remaining side surface to make up 26 = 5 requiring . . 10 



26 204 

And the total heating suriikoe of the fire-box win therefore consist of S04 sqnaiv 
isei of side added to IO4 of top sor&ce, = 31 square foet» <tf whieh only 26 is cod- 



fhsn wn haTC only to take a corresponding number of nqnare yards (= 26) 
ef effKtiTe tabe snifiMe to conqilete the boiler. This may be done TaiJoosly ; bat 
■apposing it to be distributed amongst 124 tubes of If indi dianMter = 16*79 foet, 

cellaethvty = d ; and since S = 26 =" therefore L = ?lS^5^7xJ« ^ 

5*f d 1«*7» 

vfflU the kngtik of the tabes whiohwiU icgulate the Ita^ of tiie i^lindrical 
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27. Should it be oonaidered that economy of fuel is not required to be carried to 
so great an extent as the length of tube found in the abore example vould seem to 
indicate, oar that a less proportion of tube to fire-box surface than 9 to 1 is sufficient^ 
»and that for this or for any other reason the length of tube adopted in Mr. Stephen- 
aiXBLB engine is preferred, namely, 7 feet 9 inches instead of 8 feet 9 inches, — we 
shall now see how much additional surface will be required in the fire-box, in order 
to admit of the tabes (and consequently the boiler) thus being made one foot shorter 
wikhont any loss of power. 

Example 2. — ^Required the dimensions of the fire-box of a locomotiTe engine of 
78 hone-power, the length of the tubes being fixed at 7 feet 9 inches ? 

Hera^ as in the last example, it may be granted that the number of tubes (=124) 
and their diameter (If inch) are also fixed, — because, in fitct, they require to be 
deteimined firom entirely different considerations, namely, weight and strength of tho 
parts, sabjects that could not be entered upon within the limits of this article, 
inTolTing as they do those of collisions and explosions. 

We hare <^= 16*79 feet = tho collective diameters of 'all the tubes, as before ; 

16*79 X 7*75 
and S = — — — = 22*8 square yards, the same as in the first example, which 

6*7 
with a fire-box containing a corresponding number of square feet of effective radiant 
SDrface, or B = 22 '8, would only make the boiler equal to 22 8 x 3 = 68*4 ( = P) 
horse-power. 
But we require the value of B when F = 78. 

Therefore (by Art. 24) we have P = c VRS. 

„»««v« *. - ^= 26» -f- 22*8 = 29-6 square feet for the effective radiant surface 

of the fire-box. 
Arranging this precisely in the same manner as in the last example, — 

Square feet of Square feet of 

ofTcctive surface. side surface. 

Doable the top surface 10} x 2 . . . . =21 containing . 10*5 
Half the'remaining side surfitce to make up 29*6= 8*6 requiring • 17 '2 

29*6 27-7 

Hence it i^pears that the total area of the internal surfsuie of the fire-box consists 
of 27 '7 square feet of side surface + 10} of top surface, making 88*2 square feet^ of 
which only 29*6, or 77 percent., is really effective. 

And taking the average perimeter of the radiant surface at 12 feet, it gives 27 *7-^ 
12 =r 2*8 feet for the effective depth of the internal fire-box. 

28. The most direct rules in words, derif ed from a consideration of the foregoing 
and simplified as much as possible, are as follow : — 

RuU 1. — To find the dimensions of the fire-box, — Take one-third of the given horse- 
power for the effective radiant surface in square feet, calling it B, and also one-fourth 
of B f(»r the top surfi^e of the fire-box : then take five times the top surface for the 
side Bor&oe, which, divided by the horizontal i)erimeter, gives the depth of the 
fire-box. 

Rule 2. — To find the ^edive tube surface and length of boiler, — ^Take one-third of 
the ^ven horse power for the effective commimicative heating surfoce in square yards, 
calling it S. Multiply S by 5*7, which gives the longitudinal sectional area of all the 
tnbea in aqoare feet ; and this area, divided by the collective diameters of all the 
tubes in feet, gives the length of the tubes, and the length oi the cylindrical part of 
the boiler is nearly the same. 
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Rule S-.—TtJind Ihe h»r$e-poiftr of a lotonmthe lotVer— MnlUply tbe ntu 
aqou« ftet of eficctire radiant beatiag nufuoe in the fire-box by Uie nut 
■quia judi of oBlDctiTO cimtmwniealive bskUng smfan in the tubes (thii ■ 
not bmii£ greater thea the former nor leu than 1 ), and eilract the eqnue i 
the product : this root, multiplied bj (he cooatunt nnmbei 3, viU give tlte 
pover of the boiler reqnired. 

29. Enawing the wide extenilon of » little prsetical knovledge of meh i 
amongst the gieat mesa of onr opcratire eogiiieen to be of more importaiw 
gieatai refinemente of calcnlatioD eonfined to a fe*", tho principal mlei girem 
are eoDTerted to a shape anitable for the illde-rale, cepeciall; for theii on ; 
ihonld be obaeired, Uutt vhen Hantboru'e elide-mle U aaed, the aliJer re^s 
be rereraed aa follon : 

Ko. 1. 

A 1 Kametenoft iHthe tn b«»mfe et=J. | 57 = constant nnmber or gange poi* 

I Length of each tnbe in feet . =L. | :f ^effecUre tubeinrlace inaqun 

Ho. 2. 

A I j the borae-p oiret P, | R=fire-boj[ enrfecc in K|nare feet 

I i tbe bone-power P. | S^tabe surface in E([Uare yaids. 



STOCKADE— 5(e<*irff, or Stotcade, 




ae gircn to » close bank 
timber, foriatrenchmeutaorrei 
The Fab of tbe Ifew Zmlanda 
Palanque of tbe Tnrks sra CB 
of r\citi EtDckades ; and the du 
tj tbe article 'Fetard' giTt i 
fiTBis (ifcOKstraclion. Thebal 
maj be cither e( Bi)aarc limber 
ket-proof, or of trees with t«l 
imoolhcil off wiih an axe, to 






eat at (he juncticn ; and the at 
OBgbt to l-e £0 strong as to n> 
ing f.>rc-i!, *xc£pt bj artillery 
ln?scfp:nr-?wjer, Thislaetn 
d'.^stmclion mij I* prerented 1 
iri;ihe»^fl^'ulcpToretniwketr 
defence. To make this spede* ' 
ricaJe eecnr^, tbe limber sho 
snnk iato the ^sand one-UuK 
wb..U lc=;ib. 

One ol^ectlon to itockades for intrenching posts and f.irtificJ placea ii 
liabililj to destmrtion br artillery before tbej are n-iuired ; this might be ol 
in pennanent works as re^ardj (he iatrOD::hmeat cf the n-enUri'i'j plaa t/t 
Uk eotett way or meliii, or ^rge ••/ a xvrt. bj baling oarro*- ditchca or dyl 
or 14 inehci wide and 4 fvft dfvp, preTlktnsIr prepared in maaonrr, and eoren 
with slabs of atone nnlil wsaled. When an aSfaaU was aptKbended, the tim 
a atoekftde, kq>t on pupoae in iloie, night b« kt int<> ihcie cieTice^ and well 
leeether,— a work, thu preisted, of a f<w ii>.>uM, a* eiilainiJ in the pr 
diV*B. Q. C 
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STBEET FIGHTING.* 

ON THE ATTACK AND DEFENCE OF OPEN TOWNS, AND STREET 

FIGHTING. 

KotwithstandiDg the rery freqaent snocess attending the defence of towns or street! 
\>j armed bodies, against even considerable forces of good troops, and the tremendous 
results occasionally arising from snch resistance, no attempt seems to have ever 
hitherto been made to analyze the actual relative power of the two parties attacking 
and defending or to ascertain whether the advantages so often gained by the latter 
are precisely due to their real power, or might not be counteracted under proper prin- 
ciples adopted for the attack. 

In an enemy's country the case is much simplified : a town so occupied is all inimical 
and under the most desperate state of opposition ; consequently in the attack there is 
no respect to person or property. If the houses arc combustible, a ready means of 
subduing the place is within reach ; and if not, it is forced in different directions by 
siege operations, as practised by the French at Saragossa. 

On occasion of internal dissensions and insurrectionary movements, the case is 
different ; the efforts of the troops and of the well-disposed citizens arc greatly 
impeded by the difficulty of distinguishing between friend and foe, or of the premises 
or property with which it may be justifiable to interfere. This, and the very natural 
and proper anxiety to avoid bloodshed and injury to one*s own countrymen, fre- 
quently leads to a habit of temporizing with the circumstances, and by this indication 
of timidity and weakness gives such confidence to the rebels as to enable them, and 
perhaps with comparatively insignificant numbers, to gain in moral effect as the 
others lose : by degrees the wavering and the timid are led to join them ; the troops 
themselves imagine that there is a declared power manifested that is not to be 
opposed, and thus the former obtain a complete ascendancy, which the exertion of 
more firmness and system at first would effectually have prevented. 

The most arduous and difficult task for a British soldier is, when he is called upon 
to oppose tumults and insurrection. It is difficult for him and his Commanding 
Officer to know what is the extent of evil, provocation, or injury that will justify him 
in acting with vigour ; and this feeling is Increased by finding women, children, and 
many men who do not appear to participate in the violence, mixed up with his 
opponents, imtil by degrees he becomes surrounded and overcome by a moss which 
he could readily have subdued if allowed to act at the commencement ; or even if not 
subjected to so great a disaster, by this temporizing in the first instance the move- 
ment gains a great deal, the troops in force are obliged to act with determination, 
and a vast number of lives are lost that would have been spared by a more early exer- 
tion of energy. 

The best institutions of any country become endangered by such a state of things ; 
but a remedy may be found in a more systematic manner of proceeding. 

The troops should never be brought into the presence of the insurrectionists until 
fully authorized to act, — the consequence would be that the very appearance of the 
soldiers would be a warning to every one of the immediate consequences of prolonged 
opposition, which would prevent further conflict, or make it very short. 

The sbvngtli and organization of the police in all large towns in England now will 
enable this principle to be adopted, while it could hardly have been done formerly. 

« By General 81r John F. Burgoyuo, Bart, G. C. B. and R. E. 
TOL. UI. P P 
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When tbe magistrates find that the efforts of the police are insufficient to estahlixh 
order, the Hiot Act should be read, and the troops then, and not till then, be bronght 
into action : they wonld thus be aware of their anthority to proceed without 
hesitation, and with decision and effect. 

In order to promote the power of vigorous action by the military, and to prevent 
the innocent from suffering, the most solemn warning should be issued in case of 
tumult, against the presence in the streets of women, children, and persons who do 
not join in the troubles, intimating that the consequences of any bad result from 
their being thus incautiously exposed must rest on themselves. These are necessary 
preliminaries to the consideration of the means of attacking an insurrectionary force. 

When disturbances are to be quelled in a town, cavalry, artillery, and mfantry can 
act with full effect, and with every advantage of organization, so long as their opi)0- 
nents occupy the open streets. If harricadea are constructed across them, the cavalry 
become unserviceable ; the infantry, however, have still full foroe, — for one side of an 
ordinary barricade is as good as the other, — and the infantry can cross any of them 
without difficulty. 

But when, in addition to barricades, the armed populace occupy the houses, and 
fire and throw down missiles on the troops, the columns of the infantry also become 
paralyzed and comparatively helpless, and after losing many men, they have usually 
been repulsed ; — a discomfiture arising more from a want of system and of due 
preparation against such a defence, than from the inherent power of the insurgents. 

Should the circumstances as above described impede the operation of cavalry or 
Infantry, they should be respectively withdniwn from the direct attack, care being 
taken tliat this should not give any impression of defeat^ which may be done by 
preparing the mind of the soldier, through instructions to the Officers, that such 
would be the course of proceeding. 

When it is found that the insurgents have had recourse to the most determined 
means of resistance, by occupying the interior of houses in support of barricades, the 
mode of attack must be adapted to the circumstances. 

The operation should be conducted under due deliberation, nor would any triumph 
be conceded by a moderate pause. 

It will be readily ascertained what part or parts of the town are so occupied as to 
render tlie movement of the troops through the open streets unadvisable. 

An endeavour should be made to isolate those portions by detachments of troops 
posted at all the approaches to them. This of itself would throw the rioters into a 
most uncomfortable and false position : they would find themselves shut up without 
any internal organization to enable them to act to any useful purpose, or to make any 
combined forcible effort for their release ; — or, indeed, if they could do so, it would 
have all the effect of an escape instead of a victory. 

Nor would it be necessary, " under such circumstances, that these detachments 
should be at all large, numbers of them being supported by some genei-al reserve.* 

Active measures, however, might at the same time be carried on against any por- 
tions of the houses that it may be considered advisable to force, for the pui-pose of 
confining tho resistance within narrower limits,- or for subduing it at once altogether 



* At Berlin, General Schreckenstcin, iu answer to a deputation who came to remonstrate 
against his proceedings to oppose tho popular demonstrations, is said to have stated, that he 
would toll them candidly, that in the event of tumnlt or attempt to subvert existing institu- 
tions, his plan wa.s to withdraw every Koldicr from the town, invest the gates, patrol round 
the walls, shut them up within, and leave them to enjoy the efifects of their misule and mis- 
conduct ; that ho would not comproniiRo a single life by street comhat ; but if a m.in amoitg 
ihem showed himself armed outaide, that he might beware of the consequences. 
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and these should be condacted on engineering principles, and by Officers of Bngineers 
snd Sappers^ where they are available. 

Althongh in towns the attack of a mass of houses is formidable and almost 
impracticable to troops unprepared for such an operation, it will not present much 
difficulty to a systematic proceeding. 

One great defect for defence in a house or street is its want of a flanking fire, 
although every part may obtain a support fiom the opposite houses in the same street. 
If therefore only one side of the street is occupied, individuals or parties moving 
close along that side are in security, except from the chance missiles that may be 
blindly thrown down from the windows. 

Nothing of that kind oould prevent two or three Sappers, under cover of a 
partial fire on the windows, from passing up and breaking open the doors ; by which 
means, the troops being admitted, pdssession of the entire building would soon be 
obtaiiied. 

When, however, from any peculiarity of the building, or of others contiguous, or 
from the circomstanoe of both sides of the street being occupied in force, such a 
mode of proceeding would be too hazardous, the Sappers might make an entrance 
into the nearest available house in the same block of buildings, and, supported by 
detachments of the Line, work their way through the partition walls, from one house 
to another ; or by the roofs of the bock premises, where the defenders will be quite 
Unprepared to oppose them, or, if they made the attempt, would not have the same 
advantages as in front : small parties, if necessary, keeping up a fire on the windows 
from the walls of the back yards, or from the opposite houses, would effectually cover 
these advances of the Sappers. 

To carry on such approaches, the Sappers should be provided with an assortment 
of crowbars, sledge-hammers, short ladders, and, above all, some bags of powder.* 

In these desultory operations in the defiles of streets and houses, the troops should 
not be in heavy columns, but in small detachments well supported ; and by acting 
thus in order, and on system, the effect will be the more certain, as a popular move- 
ment is, necessarily, without subordination or unity of action, and peculiarly subject 
to panics at any proceeding differing from what had been anticipated. 

The events in Paris, in June, 1848, and the mode adopted for the attacks on 
the barricades there, by an army of acknowledged skill and prowess, would seem to 
oppose the soundness of the principles here laid down : we cannot, however, abandon 
them, but must suppose either that the Generals, under too great a contempt of their 
opponents, acted upon the old impetuous system of a direct assault, on what, under 
the dream stances, were well -devised and most formidable retrenchments, — from not 
taking the trouble to consider whether a more judicious professional proceeding, and 
more certain in its result, might not have been adopted, — or were impelled by other 
causes with which we are not acquainted ; for it appears almost incredible that an 
immense force of organized troops, even numericaUy superior to the insurrectionists, 
ibould have, fur some days, to carry on a contest against them, with almost doubtful 
•neeess, and attended with such prodigious losses. 

We are consequently, by this very example, rather the more inclined to maintain 
that in the attack of streets defended by good and well-supported barricades, it is 
most injudicious and dangerous thus to take the bull by the horns. 

The defence of towns, either without fortifications, or independent of them, is 



Not leas than 5 or 6 lbs. of powder will bo required to break into strong doors well barred- 

pp 2 



572 STREET FIGHTING. 

usually ouly undaiaken by a population, or by troops essentially irregolArs, in order 
to make up by numberSi and the intricacies of position, for the disadyantage of 
inferiority in arms, appointments, and organization, which renders them nnequal to 
cope with their enemy in the open field. 

It is seldom that effective troops can be spared for this service ; but officers, and 
especially officers of Engineers, may be required to regulate such a defence. 

"When an enemy's army is in a country, it will hardly be practicable to defend 
against it with any obstinacy a town the houses of which are combustible, — the 
attempt in such a case would be to occupy only some particularly strong public 
buildings or churches, when circumstances may shew it to be advantageous to do so, 
in order to command a bridge, or defile, or to occupy some distinct point. 

The object then, however, partakes of the nature of the defence of tingle poets, 
and not of streets, or of a town generally. 

When towns consist of strong-built large stone houses, with massive doors, and 
iron bars covering the lower windows, as are common in the South of Europe and 
some other countries, they are capable of great defence : traverses may be thrown 
across the streets, flanked by the houses ; all openings to the front may be substan- 
tially barricaded, loopholes prepared in tho most appropriate situations, and oommn- 
nications made through the premises in the rear for support or retreat : care being at 
the same time taken that this general defence cannot be turned, — it is ouly to be 
overcome by breaching, and more or less of a siege operation. 

The strength of such a resource, however, is not limited only to that of the single 
covering above described ; but the preparations may embrace the successive defence of 
house after house, or at least be so arranged that every line penetrated shall give the 
attacking party possession only of a certain given small portion of the town, leaving 
them not only the same difficulties to overcome in front, but perhaps also a continued 
occupation on their flanks. 

This was the manner in which the Spanish forces under Palafox, in 1808 and 1809, 
incompetent to resist in the field the superiorly organized French army, were enabled, 
combined with the population, to make such a prolonged defence in Saragossa after 
the fortifications had been reduced. 

A striking instance of the advantages that may bo derived from the preparation of 
houses in streets in such towns, is afforded in the defence of Tarlfa by tho British in 
December, 1811. A week or ten days were sufficient for the French to lodge them- 
selves within a few hundred yards of the place, and to open a practicable breach 
in the old wall, which was the only cover. During that time, however, the late 
Lieut. -General Sir C. F. Smith, then Commanding Engineer, was enabled rapidly to 
form an interior hold or intrenchment by barricading the streets, closing all accrasible 
oi^enings of the houses to tho front, and preparing loopholes In the most advantageous 
places, BO that he could state emphatically that the place was then stronger than 
before it was breached ; and his confidence was proved to bo so far well judged, that 
the storming parties were completely repulsed, and the siege raised. 

These, however, are the proceedings of regular troops, conducted under all the 
principles of the Art of War : the considerations for the attack and defence are essen- 
tially to be founded on those which regulate sieges and the defence of fortresses. 

Lodgments must be made, and the further progress will be effected by the mine 
and other operations, which it is not the intention to describe in this article. 

There is, however, a consideration to be given to the necessity for the defence of 
towns, or premises within them, arising from the effects of popular tumults or insur- 
rectionary movements, totally distinct from the above. 
Very great reeolte have been produced from such afiairs, which, notwithstanding 
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their unportaDoe, haye, in many instances, it is submitted, been oondacted with great 
want of judgment. 

It becomes, therefore, a subject of interest to consider what principles can be 
applied to proceedings of this nature. 

It is not the part of any officer of Her Majesty's Seirice to o£fer suggestions or 
instmctionB that would guide insurrectionists as to the best mode of occupying and 
making use of streets and houses to resist the constituted authorities. 

We pass, therefore, in our consideration of the subject of defence, to the objects for 
which a government will itself require protection from mobs or insurgents. 

These will consist of the public offices, palaces, and great leading establishments, 
liable to attack, either for the purpose of embarrassing the government or for plunder 
as well as any particular posts of defensive military importance, such as bridges, or 
other points affording the command of great communications. 

The leading principles to be adopted for the protection of these premises will be, — 

I. To insulate them, or sach masses of them as are to be held, as much as possible 
from ooxmection with other buildings. 

Where this cannot be entirely accomplished, means must be prepared for securing 
an entry, and for turning the rebels at once out of such adjoining buildings as they 
may attempt to occupy for the purpose of annoyance, and if they afford any 
advantages, to connect them with the defence of the main buildings. 

Premises that are not absolutely contiguous may present windows or roofs capable 
of greatly annoying the defence : means must be especially prepared, if possible, for 
driving out any adverse force tLat might occupy them ; but if that cannot be done, 
in consequence of the difficulty of penetrating through the intervening space, or from 
any other reason, the prepared cover and protection must be adapted to reduce that 
inconvenience as much as possible. 

n. Block up substantially all accessible openings from the streets that may not be 
immediately required, and apply musket-proof doors to those that must be maintained 
available ; and if there may be a selection, let these be in parts where the approach 
to them is most exposed to fire from the building. 

lu. All windows within tolerably easy reach of the ground to be secured by strong 
fixed iron bars or gratings. 

IV. Wherever the parties within are required to be stationed for tbe defence, they 
ahould be covered by some substance to act as a breastwork, that will resist musket- 
shot, having merely loopholes before them fur their own use. 

This cover will only require to be to a height of 5 feet 10 inches or 6 feet above the 
floor on which they stand, consequently hardly so high as the top of the lower sash of 
an ordinary window. 

Where this may not have been prepared, and it is necessary to resort to a hasty 
defence, the upper floor of the building may be occupieJ, loopholing the floors, and 
Wricading the staircase with chairs, tables, &c. At tbe sortie of the French at 
Bayonne, in 1819, a Captain Foster with a few men occupied the upper floor of 
a house at the advanced post, and defended themselves against repeated attacks 
until the sortie was over, when they were relieved. 

Even a blind or curtain drawn before a window is of service, as the assailants 
cannot see when there is any one behind it, by which to be guided when and where 
to direct their fire, while those within can take their shots from time to time, and 
instantly retire. 

On the floors also, above the level of the streets, even without preparation, men 
will not be seen from the street when a little retired from the window, from which 
th^ can fire in a stooping posture, and then drop behind the window-sill. 
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y. Obtam as macli aa possible on every side a defence by tijlanhing fire. This if 
of the greatest importance — one loophole that Jlanhs a line may be worth twenty 
direct from it. 

To an assailant it is the most discouraging opposition that can be afforded ; eTex7 
spot being seen from the flanks, there is less uncertainty and liability to false alarms 
as to the operation of the attack, the fire will be deliberate, thus economizing the 
ammunition, and finally much fewer men might effectually defend premises bo 
prepared. 

Flanks are more particularly necessary to command the entrances than for other 
parts, or, as a substitute, a machicoulis is the next best precaution. 

It is to be observed that where it may not be practicable to establish more than 
even a single loophole, the fire from it may be constant, and very heavy, by applying 
to it several men and muskets. 

Ti. A perfectly free, light, ample, and secure communication should be established 
all through the premises that are under one arrangement within the enclosure, bo 
that every post can be visited, reinforced, or supplied with anything needfuL 

This requires little or no consideration in the case of an ordinary single building, 
but will need preparation in extensive premises consisting of a complicated mass of 
buildings, with perhaps open courts, out-houscs, &c. 

Yii. If the establishment to be protected is mthin a city, and surrounded by 
streets and houses, it will be a primary consideration how it is to be relieved or with« 
drawn, or how it may be practicable to secure communication with it when neees* 
sary ; for posts may be exceedingly strong for self-defence, and yet be in danger of 
being isolated and cut off by a formidable insurrection. 

This was the source of the principal amount of disaster at Buenos Ayres, in the 
year 1807; the British troops obtained possession of the different strong buildings 
thought necessary, in which they could defend themselves well ; but the natives 
having occupied the adjoining buildings and streets, these troops could neither retire 
nor obtain support, and were consequently obliged to surrender. 

viii. The nature of the roofs must be considered, for it may be possible by them 
to obtain many advantages : 

1. As situations for defence, giving great command, and flanking points. 

2. Also they may afford means of offence by a ready and easy way for penetrating 
into adjoining buildings. 

3. For lines of communication. 

To render them capable, however, of these services, the parapet walls most be high 
enough to cover the men behind them. 

The roofs may also require attention from the circumstance of their presenting a 
direction from whence an attack may be made on the garrison. 

OenercU Observations and Arrangements, 

The best precautions the premises will afford must be taken against their catching 
fire : a free communication and constant observation, with tubs or even jugs of water 
about the house, will most probably afford means, by very early application, for extin- 
guishing any symptoms that might appear. 

Besides the posts allotted to the respective parts for defence, there will, of course, 
be a reserve selected from the best of the garrison to reinforce or support any point ; 
and should the enclosure be penetrated, the entrance would be only by a narrow 
opening, or defile, where this reserve would be able to attack the assailants to great 
advantage. 

Attempts will hardly be made to enter the premises by any other course than the 
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doon or any rery low and aooeBsible windows ; it is therefore to tbem that the prin- 
ciple reaonrces for obstraction and defence will naturally be applied. On this account 
even a short preparation may afford a considerable power of resistance. 

Bars and strots may be applied that will render it Tery difficult to force them by 
ordinary means. 

If not rifle-ball proof,* which they never arc, except where expressly made to be 
BO for defence, the defenders may fire direct through them at persons attempting to 
force an entrance ; and this would have the greater effect, as it would, no doubt^ be 
unexpected. 

Whenerer a party have to shut themselves up for protection, it is most desirable 
tliat they should have plenty of provisions for the most extreme emergency that can 
arrive, so as not to require to open a communication to the exterior solely to obtain 
food, or to be without it for a single meaL A few bags of biscuit and some salt meat 
afford the most perfect resource, but fresh bread and meat will suffice for most ordi- 
nary occasions. 

Whatever provision, however, may be made for food, it is indispensable to provide 
plenty of water to drink. 

A very important precaution is, not to waste ammunilion ; let the use of it be con« 
fined to what is really and absolutely required, and let it be applied only where it can 
be effective. 

Many a detachment or post has been driven to the greatest extremities for want of 
this precaution, and even when the inconvenience has arisen from a clearly thought* 
less woiie during the early parts of the contest. 

With regard to the general comprehensive arrangements for the protection of 
public establishments in a city, and for overcoming insurrection, it should be borne 
in mind that regular troops are most favourably circumstanced when enabled to act 
in masses and in the open field, and consequently have relatively the least advantage 
when shut up in separate detachments and posts,— and more particularly when those 
posts are within towns. Under the circumstances we are contemplating, they must 
be very much so distributed, but it should be in as little a degree as possible, con- 
sistent with the security that it is absolately necessary to give to the different 
sitaations. 

Thus as many irregulars as possible, public servants, and well-disposed inhabitants, 
&c, should be armed and organised : these may be very effective behind the walls, if 
supported by a small detachment of the troops. 

The regular farces should be reduced in proportion to the less value of the premises, 
or the comparative improbability of their being attacked ; and, above all, no dis- 
persion of the troops and means should be made among buildings within a town 
either for the sake of obtaining cover, or under the idea of having generally a force 
in each locality. 

The best course is to occupy only the points that are absolutely necessary, either 
on account of their own value, or for some military advantage ; to engage in them 
the smallest number of troops that is consistent with prudence, and to have all the 
rest of the regular forces collected round the skirts of the town, or even at any distance 
within about a mile, and well prepared for penetrating in any direction, and in par- 
ticular to maintain a certain communication with each of the occupied posts. 

Great advantage may frequently be obtained by studying the situations of the public 



* To afford rlflo-proof covor under close firo will require a thickuoss of 6 inches of solid oak, 
15 Inchcfl of deal, between 8-16th8 and i inch of homogeneou* iron plate, or fVora 12 to 15 inches 
of earth in sand-bags in proportion as it is loose or very compact and solid.— ^i(or. 
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and other premUes requiring protection, with a view, as mach as possible, of oombiniiig 
several into one system, by establishing free and secure mutual communication with 
each other, and from one common centre of reserve. 

When so connected, it may be x)ossible, in addition to other advantages, to cover 
openings for timely sorties by the defenders on the flanks of the assailants. 

However improbable may be the chance of the attack of public premises, it will be 
advisable not to lose sight of any of the above measures of precaution and arrangement 
that can be adopted without inconvenience to the accommodation, disfiguring the 
architecture, or beariag the appearance of apprehension. 

If attended to, everything required might be easily applied in the first conatmctioo, 
and very much even subsequently. — J. F. B. 
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TRIGONOMETRICAL SURVEY. 

By this term is understood a survey founded on a regular system of triangalationf 
whether the object of it may be the accurate topographical delineation of a county, 
province, kingdom, or of any extensive portion of the earth's surface, or the more 
philosophic purpose of determining the lengths of arcs of great circles of the earth in 
various latitudes, from which the figure of the earth Itself may be deduced. 

Grand trigonometrical surveys have, since the vast importance of accurate maps in 
forwarding practical sciences has become acknowledged, been undertaken in India, 
America, and almost all the principal nations of Europe ; but though the principle of 
all such surveys, whatever may be their comparative magnitude, must be the same, 
the details of execution will necessarily vary with the circumstances of the country 
to be surveyed. In this article some of the apparatus and arrangements hitherto 
adopted, especially in the Survey of the United Kingdom, will be described ; but it 
must be left to the Engineer to select the particular system he may think best suited 
to the survey he is called upon to effect, and to adopt, modify, or alter the apparatus 
to suit the special circumstances. In all such works he will readily perceive that the 
extent of accuracy which the operation requires must materially influence him in the 
selection both of instruments and of system. 

Selection of ground for a hast, and first considerations. — The ground selected 
should be as nearly level as possible. The soil should be firm. The extremities of 
the base should command a view of as many accessible elevated points aa are necessary 
for the extension of the survey. 

The ends of the base ought to be marked in a very accurate and permanent manneri 
which is best eflected by letting into a block of stone set firmlj either in the earth, or 
in masonry, a metal wire, on the upper surface of which the precise point may be 
marked by a puncture or dot, of fineness commensurate with the accuracy of the 
measurement. Old guns may be fixed vertically, to mark by the axes of their bores 
the ends of a base. Wooden pipes are objectionable, because they decay in the ground. 
Precautions to secure the marks from disturbance should not be neglected, nor the 
means of readily detecting such disturbance, should it have taken place. 

A transit instrument, or a superior theodolite, will be necessary for arranging all 
the points of the base in one right line. 

Spirit-levels are required to regulate the heights of the ends of the measuring 
apparatus. 

* By Lion t. -Col. H.-imlcy, Royal l-Inginoors. 
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Tntt tat tha pioteetion of atorei and ilieller of tbe f»t^J diould be proTided. 

A portaUeeuiop; foe UiemHuiiriiigsppBTatiiaiB desirable. (SesSketcb, Flstell., 
from Flato IZ. in Colon«l YoUuid's Accoiint of Longh Fojta Baie. ) 

Qapmtnt' tmd intranching toalg, m olio esrlh-rammeis and mallets, will probabl; 
be raqnind. 

The p»rt7 emplojed ahanld be proportioned to tbe magaituJe aad imporUnce of tbs 
apentum. Ai & guide, the foUowiog return of tba atreogth of the partr emplojed 
' on tlie LoDgh Fojie B&aa is anpplied. This base is nearly cigiit miles long. Tbe 
nnmbv of Officera of BnjiDeeii wsa U first four, ArtervsrdB fire. 

Return iff At Efftdixe Slrtngth oj the Parlj/ emptoj/id in the MeaiurentetU of (As 
Sou Line on the SAore of Laugh Fogle, exclaiine tif Offieere, 
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UtcuartBttat of a low.— Tbia baa been affcctoj lu Tariiins nitjs, all giving rcsalla 
n^ fkr from tbe trntb, but some msiiireBlly liable to error in n grcstor degree tbnn 
othere. Bods of ssssoned deal will taxj perceptibly in size according to tbe state of 
the nir. GIsss (qbei, besides being liable to alter their length aecordiag la the tem- 
perature, are eitremelT iroablesome to adjust so that confidence may bo felt in the 
rciDlt. Bleel duuns mnaat be equally supported at all points, and wbcn stretched by 
* ireight are liable to alter their length, eepecialty with the Tarying tensbn consequent 
on difieiencc of tempeiatBre. And tbe compensating apparatus is superior only when 
the bars eompoaing it are at exactly the same temperatare, and hare been, by suitable 
CMUoga or luifaoes, rendered proportionally (with respect to each other) susceptible in 
■It temperatures. 

The errors consequent on abange of length by temperature in any ordinary mea- 
sniing apparatus, such as glass lods or cbains, are of course removed by properly 
applied eorreoUons ; but in the compeosatiDg bars the correction is a mechanical 
one, and to be satisfied of its perfect action, the coinindent temperature of (be 
ban shonld be a* canfoll; observed as in the other cases, to deduce the amount of 



The eompcoaating bars may be cansidered the moat aecumte, the s'aes rods and 
rted cluuns about equal as regards accuracy, and tbe deal rods tbe least accurate. 
Tet a^ in eertoin utaations, and far ccrlavo objects, dispatch aud economy may 
demand ai mneb regard as extreme accuraay, an officer nill judge from the fallowing 
comparison how nearly he may hope to approach the truth with deal rods, glau rods, 
or the steal chain. 
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The length of the base on Hounslow Heath, as found 

Feet 
By deal rods ". . . . 27,405*7607 
By glass rods .... 27,403*38 
By the steel chain . . . 27,402*38 

the extreme difference being 3 feet 4 inches in a distance of rather more than five 
miles. 

In nsing rods of deal or glass, care must be taken — Ist, that they are trossed 
lateraUy and vertically ; 2ndly, that they are laid always in the same right line^ 
whether it be in a horizontal plane or the hypothenose of a right-angled triangle ; 
Srdly, that whether they are brought together by contact of the ends or by coinci- 
dence effected by placing them side by side, so that two fine transrerse lines on either 
rod may be in one straight line, the junction is equal in all cases ; and 4th1y, that the 
temperature of the rods at every stage of the measui-ement is registered ; so that the 
total number of lengths may be reduced to one standard temperature. 

In using a steel chain, the same care as to contact is necessary, as is also precaution 
against flexure. The chain must be stretched always by the same power, and that 
power must be so proportioned to its strength that there shall be no danger of the 
length being increased. The temperature must be noted in this case also. 

With the compensating bars, as used in the British Survey, neither contact nor 
coincidence could be adopted, connection being effected by intervening microsoopes ; 
and the precautions to be most insisted on are, that each pair of bars should be quite 
horizontal, and that the measuring points should be always in one vertical plane. 

The deal rods used in England were 20 feet long, 2 inches deep, and 1^ inch broad ; 
the ends were tipped with bell-metal. The method of measuring by coinddenoea of 
the transverse lines was thought more accurate than that by buttmg the ends <m3 
against the other ; but it was found so troublesome in practice, that, after a few 
lengths had been measured, it was abandoned, and the other mode adopted. The 
ground on which they were used not being level, it was divided into several parts, 
and each part represented the base of a right-angled triangle, the perpendicular of 
which was a vertical line. The lines actually measured were the hypothenuses of 
these triangles (each 30 rods long), and their bases, whose sum made up the base of 
the survey, wefe found by computation, the height of the perpendiculars having been 
ascertained by the spirit-level. The rods were supported on trestles from 2 to 8 feet 
above the ground : a plumb-line marked the extremity of each day's work. The 
plummet vibrated in a brass cup of water placed in a hole in the ground ; it was 
fenced round for the night, and a watchman guarded the ground till operations were 
I'esumcd. 

The steel chain was 100 feet long, each link a parallelepiped, half an inch square^ 
and 24 feet long ; there were, therefore, 40 links. In measuring, it was placed on 
coffers, which were supported by posts driven into the ground. A weight of 56 lbs. 
at one end, and a screw at the other, stretched and adjusted the chain. A moveable 
scale, supported on a post, but entirely independent of the rest of the appaiutus, was 
made to mark accurately the end of each 100 feet measured, and the commencement 
of the 100 feet about to be measured, so that one chain was sufficient for the work. 
Nevertheless, as the end of a 100-feet chain might sometimes fall in a ditch or other 
irregular ground, a second chain of 50 feet long, and laid off from the same standaid 
as the 100-feet chain, was kept ready for such a contingency. 

The expansion of a foot of the glass tube and of a foot of the steel for every degree 
of the tucnnomcter was ascertained by a microscopic pyrometer. 
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The oompenntiDg ban nsed^in Ireland measured eaeh a distanoe of exactly 
10 feet between the compensatiDg pointi. The following wiU explain their con- 
stxnetion* : — 

*' Let a a\ h h\ beHwo ban of bnss and iron joined together at their centres by a 
steel bar, p q^ but firee to expand from and contract towards their centres, inde- 
pendently of each other ; a ti, a^ n', are flat steel tongues at the extremities of these 
bars, moTing freely on conical brass pivots, allowing them to be inclined at small 
angles with the lines perpendicular to a a', & b\ (Fig. 1, Plate III. Lough Foyle 
Base.) 

"At the temperature of 62"* Fahrenheit, the ban are assumed to be precisely of 
the same length, and the tongues consequently at right angles to a a\ h b'. 

"Imagine these ban to receire an increase of temperature and length, and, from 

the inequality in their expansions, the brass to become e c^, and the iron d cT, the 

position of the tongues now being cdn, cf d' n', it will then be apparent that if the 

points f»' n' be so determined that 

ac < b d : : an b n, 

exnanslon distance of the distance of the 

Expansion of the brass : ofShTi-on • • compensated : compensatsd 

point from tho brass point from the iron, 

the positions of the points n n' can only yary within very narrow limits for any 
differences of temperature arising from atmospheric changes.'* 

In arranging these ban for measurement, triple microscopes, also constructed on a 
compensating principle^ measured an equal interval between the points of every two 
adjacent pain of bars, and thus all danger of disturbance by contacts was avoided. 

The following are the reductions and reduced lengths of General Boy's base, 

measured with glass rods ; — 

Feet. 

Hypothenusal length of the base as measured by 1369*925521 glass 
rods of 20 feet each + 4*31 feet, being the distance between the last 

rod and the centre of the north-west pipe 27, 402 '8204 

BeducUon of the hypothenuses to be subtracted 0*0714 

Apparent length of the base reduced to level of south-east extremity . 27,402*7490 
Add the diflferenoe between the expansion of the glass above, and con- 
traction of it below, 62" 0*3489 

Add alao the equation for 6" difference of temperature of the standard 
brav scale and the gloss rods, between 62** and 68 % the tempera- 
ture at which the rods were laid off . . . .* . . 0*9864 

Length of the base, in temperature 62**, reduced to the level of the 
lower extremity 27,404*0843 

Seduction &om the height of the lower end of the base above the 
mean ieyel of the sea, supposed to be 54 feet 0*0706 

True length of the base reduced to the mean level of the sea . . 27,404*0137t 

A base may be tested by dividing it into two parts and using one part as a 
base from which the other part may be found trigonometrically. After being 
tested in this way, a base may be prolonged by the same means with the greatest 
ftccuracy. 



* See also page 699. 

t The length of the base, as foimd by the gUuis rods, differs from that given in page 578, 
because it is there reduced to the standard from which the steel chain was laid off. 
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This method of tbrowing out perpendiculars at the end of a measured line, and 
then extending it thus by triangulation in successively 
augmenting lengths, has been adopted by preference in ^''t**** 

some cases to an actual measurement, and vhereyer * / \ ^*« 

it is only possible to secure a very small portion of y' I **^^ 

good ground, it deserves such preference. It was / j __ "'^ 

adopted in the Irish survey in order to extend the \ /1\ / 

measured base to a favourable point for observation, 

over a tract of sand-hills. By such an arrangement \/ , 

very great care may be bestowed on the measurement ** ' 

of a small base, without incurring the great expense 

of a more protracted measurement, and for minor 

surveys, therefore, it is a most valuable method. 

Grand Triangulatum — Elevations and Depressions — Observatums of the Pole-Slar. 

It has always been a maxim in England, among those who have conducted our 
grand trigonometrical operations, that reductions in the office should be avoided bj 
every means that science and art afford for perfectbg the field operations. The 
time and labour expended by us in the field are therefore considerable ; but ii is 
hoped that the precision of our measurements and observations is considerable also. 
The circle of repetition, so generally used by the French, has not been adopted by 
our engineers ; and our instruments are less portable and less expeditious, but 
capable of being accurately adjusted to the plane of the horizon, and the vertical 
plane, and of being placed exactly over the station. The principle of these instni- 
menta is of the same nature as that of the theodolite in general use ; but their form and 
construction are peculiar, and designed to secure the utmost precision. The burgest, 
or Ramsdcn*s great theodolites, made for the Boyal Society and for the Ordoanoe, 
have a horizontal circle of three feet diameter, connected by strong radii with a 
hollow conical axis two feet high, which is a socket for an interior axia rising from 
the base of the instrument. The exterior axis carries two arms fur the support of a 
powerful telescope. The reading is effected by means of microscopes which are 
attached to the base of the instrument. Their number was originally two, placed 
at 1 80" interval ; but it has been increased to four in the Ordnance Survey instra- 
ment, the additional microscopes being so placed that, together with one of the 
original microscopes, they divide the circle into three equal parts or into divisons 
of 120% and it has been customary to record the mean of the two oppomte micro- 
scopes marked a b, but to use for the calculations the mean of the three a o D only ; * 
the object being the more effectual correction of errors from eccentricity. In the 



* On the azimuth circle of the large theodolite iisod on the triangu- 
Intion of the Ordnance Survey, the original verniers were only at the 
two opposite points a and b, the mean v( the readings at which wa^^, 
of course, always taken. Subsequently, the verniers at c and d wore 
added, each of them equidistant 120* from a, and ali»o from each 
other. It has since been sometimes the custom, first to take the 
mean of a and b, and afterwards the mean of a c and d, and to con- 
sider the mean between these two valuition-s as the true reading of 
the anj^e : this method has, however, been objected to as being in- 
correct ib principle, an undue imi)ortance l>eing given to the reading 
of the vernier a, and also in a smaller degree to b. The iutlucnco 
assigned to each vernier is, in fact as foll.»ws ;— a . 5 ; b . 3 ; v and d, 
2 each. A theodolite of the same size and construction h;is since 
been made with four equidistant xcnncn.—Outloie of the Method of 
comdiuting a Triffononutrical Survey. £j/ Colonel Frome, R.E. 
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inttmment belonging to the Boyal Society four additional microsoopes were placed, 
■0 that the circle is divided by them into six equal parts or divisions of 60 degrees ; 
and the mean of the six is then taken as inclading in itself each case of correction. 

The microscopes are micrometers, the minutes being shewn by a divided scale, and 
the seconds by a graduated circular rim attached to the screw-head, which moves 
the bisecting wire of the microscope. It is of course necessary, before dommencing 
observations, to adjost the zero of the scale and that of the micrometer screw-head to 
each other, and also to adjust the several microscopes to each other ; which is readily 
done by causing the bisecting wire of any one microscope when over the zero of the 
scale (the index of the graduated micrometer rim being also at zero) to bjseot a dot 
of the circle^ say 0* — 60" — 120°, or any other, and then carefully adjusting every 
other microBCope to the dot corresponding to its relative position. 

The vertical circle is fitted to the transverse axis of the telescope, and its divisions 
read by a microscope on an index fixed to the arms which support the telescope. The 
telescope can be inverted in its supports or Y*8. The parts of the instruinent are 
capable of the most delicate adjustment, and no skill nor expense has been spared 
that could contribute to their efficiency. 

Each instrument, when not in use, can be enclosed in a wooden case, and travels 
in a spring waggon constructed to receive it and its stores. It is carried by hand, on 
a cradle, up hills impracticable for wheeled vehicles, and hoisted by mechanical 
power to the tops of buildings. 

An instrument 18 inches in diameter, and of a construction similar to that of the 
three-feet instrument, has been used in situations to which the greater instroments 
cannot be conveyed. 

An altitude and azimuth instrument, difiering in construction from the great 
theodolite of Bamsden, was made by Messrs. Troughton and Simms for the Survey ot 
Ireland. The horizontal cirele of this instrument is two feet in diameter, aod fixed, 
whilst the reading microscopes are moveable, being attached to arms projecting from 
the moving axis ; whereas in Ramsden^s theodolite the microscopes are fixed and the 
divided cirele is moveable. In Ramsdeu*s instruments the brass cone to which the 
cirele is attached, as well as the apparatus for caiTying the Y's of the telescope, 
moves round a long vertical steel axis, so that the telescope cannot be reversed with- 
out being lifted out of the Y's : in Troughton's the axi;} is very short, and the 
telescope is supported by pillara rising fi'om the axis, so that it can be reversed 
without removal. This important difierence of principle, whilst it facilitates the 
application of the instrument to the determination of vertical angles, renders the 
preservation of its level uncertain ; and although it has been so modified as to give, 
in skilful hands, results equal to those of the three-feet theodolite, it is still considered 
an instrument of very difficult use. It was furnished originally with a repeating- 
tahle on Pond's construction. It may be stated that in Colonel Yolland*s opinion 
neither of these instruments is equal to the requirements and resources of modem 
science — ^an opinion shared by at least one of his predecessors, who had a long 
experience of the use of the three -feet theodolite ; and it is to be hoped therefore that 
an opportunity will be afforded during the progress of the survey to Colonel Yolland 
to bring forward an improved construction, so that the British survey may take the 
lead in the instrument for measuring angles, as it has done in the apparatus for 
measuring a base. 

Instruments whose circles are divided from O** to 860" Kre, caterU paribus, much 
to be preferred to those whose circles are divided from 0" both ways to 180*. 

In all situations where the instrument may be set up, the following are rules to be 
strictly iiitended to : 
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1. That the centre of the instrument be phioed Tertlcally over the centre of the 
!^tation, 80 that the two centrea may be in the- same vertical line. 

2. That the instrument be insulated from all parts of the obserratorj. 

3. That the footing of the instrument be perfectly secure and constant. 

On buildings, or artificial stations, these effects must be secured by means adapted 
to the particular circurastances of each case; but on open or natural stations the 
instrument must be supported on wooden posts, firmly tied together, and either 
resting on a rock, or driven into a substratum not liable to transmit vibrations from 
any lateral shock. The frame-work and floor of the observatory mast be entirely 
separated from the supports of the instrument,* so that the latter may be perfectly 
insulated, and secured from the influence of the vibrations of the floor. In rock the 
transmission of vibrations is so very imperfect, that, though the supports of the floor 
and those of the instrument are kept distinct, they may all rest upon the rock ; but 
in soft ground it would be frequently necessary to sink a shaft in order to seenre a 
non-vibratory stratum for the support of the instrument, the observatory resting on 
the natural surface. 

The portable observatories are furnished with strong guy -ropes to support them in 
the exposed situations where they are commonly set up. 

A party of ten or twelve men accompanies the instrument ; and these mutt 
be accommodated in tents or portable huts, and carry a camp equipage sufficient for 
their wants at remote and exposed stations. Plate I. is a sketch of an encampment. 

In any series of observations the telescope should be always directed on the object^ 
by the same person ; and each microscope should be read by the same i>enon, 
because of the difference in men^s visions. 

At every observatory station, an object near at hand, and likely to be visible in al^ 
states of the atmosphere, should be selected as a referring point, and observed in each 
series of observations. Between two successive sets of observations the posiUon o^ 
the horizontal circle should be changed, so that the bearings of the several objects 
should be read on different parts of the circle, and errors of division be, as mnch as 
possible, neutralized. It is not necessary to set the zero of the circle to any one 
object, nor to adjust it to the index of the vernier or zero of the microscope ; as th© 
observation, in every set, of the referring point, enablca the bearings of all othCf 
objects to be referred to it as a zero point, by the subtraction from the respective 
bearings of an angular quantity, namely, the bearing of that referring point in that 
particular series. 

It is proi)er also to invert the telescope in its Y's occasionally, so that the successive 
series may be taken with the telescope in the one or in the other position, alternately, — 
as well to compensate for errors of colliraatiou as to guard against an unequal wear 
of the axis. 

A long series, including principal stations and minor objects, is liable to interrup- 
tion or vitiation by sudden or partial atmospheric changes, or by the instrument 
falling out of level. On the other hand, the general accuracy of the whole work is 
advanced by having as large a number of points as possible obsei'ved under the same 
circumstances, which can hardly be the case if they are obseiTcd in dififerent series; 
as the parts of the circle on which the bearings are read, the temperature, and state 
of the atmosphere, will probably be changed, and there may bo a difi(erent observer. 

An officer must therefore be guided in the arrangement of his series of observations 
by the time at his disposal for the completion of the station, considered in connection 
with the season of the year and the prevailing weather. 



* Sec article * Observatory/ vol. H. 
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The naarer Btaiions will be often visible when the more remote are hidden by 
Taponrs, therefore the observations to the former will exceed in number those to the 
latter. It will be hereafter seen how the nambcr of observations to any two objects 
affects the valae of the contained angle for calculation. 

Any principal station ought to be observed not less than three times from any one 
station of the instrument. 

The depressions and elevations are found by scttiug the telescope horizontal by its 
level, and at the same time adjusting the index so that it shall read zero ; or, if it be 
preferred, the exact reading of the index, when the telescope is level, may be registered, 
and the error, if any, allowed for. Then by directing the telescope on the base or 
some appointed part of the object, the angle contained between it and the plane of 
the horison ia measured on the vertical circle, and read by the microscope at the 
index. 

It has been the custom to measure first the horizontal bearing of an object, and 
afterwards its elevation or depression. 

To find the direction of the meridian at any station, the angles contained between 
any fixed terrestrial object and the greatest apparent eastern and western elongations 
of the pole or other circumpolar star may be observed. The mean of thcso observa- 
tions is the angle contained between the pole and that object. The most convenient 
object from which to measure the direction of the meridian will be the referriog 
object before mentioned. 

As tome of the observations have to be eflfectcd by night, it is necessary on such 
ooca^ons to illuminate the wires of the telescope and also the referring object. To 
admit of the illumination of the wires, the transverse axis of the telescope is made 
hollow, and has an elliptical illuminator in the centre ; its end is covered with glass, 
BO that the light of a lamp placed for that purpose on a stand enters and is thrown 
on the wires. The referring object can be easily constructed so as to have a lamp 
fitted to it for nocturnal observations. Tiie times of the greatest elongations of the 
pole-star* must be calculated from astronomical data, and the observer must ascertjiin 
the right moment by means of a chronometer or good watch. 

The true meridian may also be determined by observing Polaris or some other 
convenient star frequently when near its maximum elongation, in successive bearings, 
the timet of observation being accurately noted, and then by calculation deducing 
the true bearing of the star when on its meridian. With the rei)eating circle this is 
the necessary arrangement. These methods are intended to secure a degree of 
aocnracy in the azimuths corresponding to that obtained in the distances between 
objects ; as without such accuracy latitudes and longitudes could not be determined 
geodetically with sufficient precision. For more ordinary purposes, when the object 
is merely to determine with a moderate approach to accuracy the variation of the 
needle, or place the meridian on a map or plan, equal altitudes of the sun may bo 
Q8ed.t 

All observations should be recorded in ink ; and if the observer have any roason to 
doubt the accuracy of an observed bearing or scries of bearings, he should record his 
opinion at the time. 

The date, name of the observer, and state of the atmosphere, should be recorded 
with every series. 

Corrections in the record-book should be made by scoring out with the pen the 



* This, of course, is not applicable in Southern latitudes.— iRittor. 

t AUowanoe being made for the sim's change of declination during the interval. Equal 
«ltitud0B of a tiar require no such correction.— J?(2t<or. 
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incorrect word or figare, and writing the correct one OTer it. Bnurares with a knife 
should never be permitted. 

The aocnracy of the resnlts of triangnlation must mainly depend on the care with 
which the stations for observation are preserved and identified, and on the stability 
secured for the instrument. When the points for observation have been seleetedf 
they should be marked with an accuracy corresponding to that expected in the 
observations from and to them. In treating of the measurement of a base, the more 
delicate modes of marking the centre of a station have been pointed out, but it baa 
been usually considered sufficient to mark the centres of ordinary stations by a 
jumper-hole in the rock or in a large stone buried about two feet under the snrftce. 
On the British Survey the object to be observed is either a pole or a staff, the lower 
portion of which is surrounded by a conical pile of sods or of stones, or the simple 
pile itself. In either case, the strict verticality of the object must be carefully insured. 
During the earlier years of the Survey a pole was placed in every pile, to assist the 
eye in the bisection ; but of late years it has been considered sufficient to build 
carefully the pile concentric with the station, as the pole was thought to take the 
wind and draw out of the perpendicular, and tend to shake down the pile. On the 
hills of Scotland it would have cost some labour and expense to convey poles to the 
hill-tops, and in the lower grounds the peasantry are tempted to destroy the pile for 
the purpose of appropriating the wood. The piles vary in height according to 
the distance from which they are to be observed, from 12 to 18 feet, with a diameter 
of base sufficient to give stability. The poles or staves have varied from 2i to 80 feet 
When a building is the point to be obseiTcd, some definite and readily recognizable 
part should be selected, and if there be none such, a pole or other object should be 
raised upon or fixed to it, as the observation of the apparent centres of large boildingt 
is a very rude process and leads to much inaccuracy. In addition to these ordinary 
modes of marking stations, which will, of course, be modified by every ingenious 
Kngineer so as to meet the requirements and resources of the country he may be in, 
it is frequently necessary to use more refined methods of exhibiting to a distant 
observer the point to be observed, and this more especially in countries where a hasy 
or misty condition of the atmosphere prevails. A tin cone or sphere has been 
observed as a very brilliant object, but as it exhibits varying phases it is objectionable ; 
and this objection applies even to stone piles when not provided with central poles, 
ns they are often partially and brightly illumined, and are then liable to be obecrred 
incorrectly, the apparent not being the true centre. Metallic plates have been fixed 
to a pole and arranged in angles corresponding to the varying altitudes of the snn ; 
but tliis, though an ingenious, is a very troublesome, method of insuring a reflection 
of light in a definite direction. The Drummoud light, or the intense light evolved by 
lime when brought to a state of high ignition by the action of the oxy-hydrogen blow- 
pipe, was used once on the Irish Survey ; and judging from its brilliancy on that 
occasion, it cannot be doubted that for any particular and very distant object where 
a night signal is desirable, the Drummond light may be used with effect and for any 
distance ; but the skill and attention necessary to prepare the oxygen gas and to 
watch over the lamp and reflection will prevent its use on loft;y mountains or in 
ordinary circumstances. The Heliostat, or Heliotrope, is the instrument which, fitnn 
the facility of its application, has been most approved by modem G^eodesists. There 
are several forms of this instrument, such as that of Gaus, used on the continent, and 
that of the late Captain Drummond, used ou the llritish Survey. The object of sueh 
instruments is to insure the reflection of the sun's rays in some definite direction by 
a mirror, the movement of which is adjusted to the motion of the sun. In Qans's 
Heliotrope the mirror is small, and when the observer looks through a telescope 
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which forms purt of the instrament, at the station to which the reflection is to be 
made, he sees (if he has rightly adjusted the instrument) a reflected image of the sun 
before him, and knows that its rays are then reflected from the mirror in the right 
direction. In the original Heliostat of Captain Drammond also there was a tolerably 
good telescope for determining the line of direction ; and the mirror, which varied in 
sise from 8 to 12 inches square, was adjusted by machinery connected with a small 
telescope, with which the observer followed the motions of the sun. This, though 
ingenious in construction, was troublesome in use, and was replaced by a very simple 
anangement, also defised by Captain Drummond. The line of direction being first 
determined approximately and then marked by means of a small theodolite or other 
iostrament on the ground, a small brass ring is placed about 50 or 60 feet in front of 
the mirror, being adjusted as to height to the degree of depression or elevation which 
may be required. The operation is now perfectly simple, as the person in charge of 
the Heliostat merely moves the mirror horizontally and vertically until he observes 
the ring before him illumined by the rays reflected from its surface, as it is then mani- 
fest that the reflection is made in the required direction. As this very simple 
arrangement has been found effectual with distances exceeding 100 miles, it appears 
to require no further recommendation for the greater distances, and as small circular 
mirrors of 4 inches diameter are amply sufficient for distances of 30 or 40 miles, they 
can be readily applied in low situations, where it is often extremely difficult to discern 
an opaqae object. In the Survey of Ireland they were extensively applied in this 
manner, being packed in a leathern case slung over the back of a soldier who went 
from one station to another, and thus enabled the observer at a station to include 
in his observations many of those difficult minor objects in the low country around 
him whicb would perhaps, without this aid, have baffled his efforts to see them. 
A common mechanic may construct one of these simple heliostats, and they may 
therefore be applied under almost any circumstances, as was done by Mr. M^lear at 
the Cape, who used a simple chamber looking-glass fixed in by swivels to a double 
frame. 

When the instrument leaves a station, the posts on which its feet rested are left in 
the ground, as well as the centre stone. The description of each station, with its 
distances from permanent objects, should be recorded at the time of its selection, to 
prevent the possibility of its being lost. 

It is most desirable that, in the grand triangulation, all three angles of each triangle 
should be observed. 

As a guide in the selection of stations, it should be remembered that the conditions 
which afford the greatest probability of the smallest errors are these : 

Ist. That the angle opposite to the measured side be less than a right angle ; and 
2ndly, That the angles adjacent to that side be nearly equal. These conditions will 
be best fulfilled, on the average of a series, by making the triangle as nearly as 
possible equilateral. 

The Secondary Triangulation will not require a lengthened notice, as it is simply 
the breaking up of the grand triangulation into smaller triangles, and these again 
uto stiU smaller triangles having sides not exceeding two miles in length, and is 
founded on the same principles. The angles are taken with instruments of 12, 10, 
and 7 inches diameter. The stations are marked either with small piles of earth or 
Bt<»i^ or by poles. The minor stations being necessarily in fields, villages, gardens, 
&e., where they are liable to be disturbed or defaced, it is desirable that a district 
should be speedily completed, and the detail survey commenced as soon as the 
distances can be computed. Thei*efore many instruments should be simultaneously 
employed at this secondary triangulation, 
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It is not always necessary to erect an observatory ; bnt to shelter tbe iostnuMBts 
and obserrer when an obsenratory is dispensed with, one of the assistants carries a 
large chaise umbrella, or any other description of simple screen.* 

Sector Ohiervationt, — For purposes to be hereafter mentioned, it is requisite to 
measure the zenith distances of known stars at certain of the trigonometrical stations. 
This is effected with an insti*ument called the ' Zenith Sector : ' it is of TBiions ooa- 
structions, which it is not necessary here to detail, bnt the general principle is as 
follows. Two strong bars or pillars are joined at one point only, which is the 
centre of tho instrument. One of tbem is immoveable and vertical, the other has a 
motiun in a yerttcal plane round the centre, limited according to the lengths of the 
arcs to be measured. The moveable bar carries a telescope, to be directed on the 
object whose zenith distance is required. The angle contained between the Tertioal 
line through the centre of the instrument and the axis of the telescope direetad on 
the star is tho zenith distance, which must be measured on the arc of a metal eixde 
attached to either the fixed or the moveable pillar. 

The construction of the sector now in use on tho Ordnance Survey is quite new. 
Tho vertical bar is famished with two concentric graduated arcs, one above and one 
below the centre, and the axis of motion of the telescope is at the middle of its 
length. At the eye end, cast in the same piece with the tube of the telescope^ one 
on either side of it, and looking towards the lower arc, are two microscopes, and tbe 
same at the field end. The mean of four readings is therefore obtainable for the 
bearing of the axis of the telescope aa shewn on the arcs. The whole instromeDt 
can be suddenly turned round 180° in azimuth by means of a stop ; and it most be 
so turned between every pair of observations of the same star. It stands in a soii ol 
tray, in which are strong screws for adjusting it in the plane of the meridian ; and 
the vertical bar has three levels behind it : a clamp and tangent screw arrest sad 
regulate the motion of the telescope, and a micrometer wire in the focus of the 
telescope is moveable by a screw over the field. 

Suppose the instrument set up and adjusted to the plane of the meridian, and that 
it is intended to measure the zenith distance of a star ; two persons must take part 
in the operation. The direction of the star when on the meridian being i^projd- 
mately known, the telescope is set accordmgly, and clamped before thte tints of 
culmination, and the four microscopes read off and registered, as also the inclinatioBi 
if any, of the levels. Then when the star appears on the field of the glass, it Is 
bisected with the micrometer wire before it quite reaches the meridian, and the tittS 
noted : thus the bearing of the line from the eye of the observer through the win to 
the star is already registered. The instrument is then reversed by the stqp^ and 
the levels again read by one person, while the other again bisects the star, bnt this 
time with the tangent screw, the micrometer wire remaining as at the first ohsem* 
tion ; and the time is again noted. The four microscopes are then read sgain ; 
and the difference of the two readings is, of course, double the zenith distance of the 
star. 

Computation of Distances^ AUitudeSj LalUudes^ and Longitudes. — The mean Taloe 
of each of the angles of a triangle having been found from the observation book, their 
sum ought, strictly speaking, to equal 180° + the spherical excess. To compute tbe 
sphorical excess, f Let A, 1), C denote the angles of a spherical triangle, rthe radius 
of the sphere expressc<l in feet, w = 3*14159 the ratio of the circnmference to the 



* To shdiar th« initruments and also observers from the weather, portable obeervatorles art 
use*. '" -**eli « Observatory, Portable.'— Jff^'iYor. 
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diameter, And S the number of square feet in the sar^e or area of the triangle : 
then, hj trigonometry, 

„ A + B + C-180' 



180* 



S X ISO' 



r»ir 



in 



Let B denote the spherical excess = A + B + — 180°, then E = 

„ S X 648000" 
degrees, or E = -3 expressed in seconds. 

In any triangle which can be measured on the surface of the earth, S is very small 
m comparison of r', and therefore E is a very small quantity. (In practice it seldom 
exceeds four or five seconds, though in some of the large triangles observed in the west 
of Scotland, whose sides exceed 100 miles, it amounted to thirty or forty seconds.) 
Henee an approximate value of S will enable us to compute E with sufficient pre- 
cision. For this purpose, therefore, the triangle may be regarded as a plane one ; and 
on denoting by a, (, ^ the number of feet in the sides respectively opposite to A, B, C, 
we shall have for the area, S » 4 ^ 6 sin. C. Substituting this in the formula for the 
spherical excess, we get, in seconds, 

a h sin. C x 648000 
B 2i^ (!)• 

In order to compute the spherical excess of any triangle, it is necessary to know 
the valne of r, the radios of curvature of the spherical surface. Now, the curvature 
of the arc joining any two stations on a spheroid varies with the latitudes of the 
itations, and also with the direction of the arc in question in respect of the meridian ; 
bat for the present purpose it will, in general, be sufficient to assume the value of r, 
which corresponds to the curvature of the meridian at the mean latitude of the 
stations, and even to suppose it constant for a whole series of triangles contained 
between two parallels of latitude not distant more than a few degrees. If, however, 
the triangles are very large, it may be necessary to compute more accurately ; and in 
BDch cases the nearest approximation to the true spherical excess will be found by 
eompnting, for the mean latitude of the three stations, the curvature of the meridian 
and of the circle perpendicular to the meridian, 
and taking the mean of the two for the value 
of r; or, which is nearly the same thing, by 
eompnting the radios of the vertical circle 
whieh ents the meridian at an angle of 45° at 
that mean latitude. 

To find the radius of the meridian. 

Let ALP be the are of the meridian passing 

tiutmgli the station L, A C the semi-diameter of 

the equator, C P the semi-axis, L M the normal 

aft L, meeting P C produced in N. Assume a = 

G P, ft = A C, and e = the ellipticity, or such 

that d » a (1 •!• e), and let 2 be the latitude of L, and B the radius of curvature of 

the meridian at L ; then 

R=a(l — € + 3cBin.2Q (2). 

Next, let B' be the radius of curvature of the arc pcrpendicuhir to the meridian at L; 
then R' ■■ L N, the normal extended to its intersection with the polar axis. Now 
let II = L M, the normal at L ; then, by conic sections, R' : » : : 6^ : a' ; whence 
R' = (1 + «)»n. But n = o (1 - € cos.^ /) ; therefore, rejecting terms containing tlie 
square of e, as insignificant, we find 

R' = a(l -».<; + «!sln.2/) W- 

QQ2 
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To find the curvature of the oblique circle, let r be the radius of curyature at the 
point L of a section of the spheroid containing L N, and 'making with the meridian 
angle = 0; we have the following expression found by Buler : 

^^ RR' 

Rsin.^e + R'cos.2a' 
This last expression may be put under a form more convenient for calculation. 
Dividing both terms by R', substituting 1 — sin.' for cos-^d, and convei-ting the 
result into a series, all the terms of which after the second may be neglected, we get 

r = R(l +— gT— 8in.=fl) (4). 

Since in any circle the length of a degree is propoi-tional to the radius (it is found 
by dividing the radius by the constant number 57*29578), if we make M = the length 
in feet of a degree of the meridian at L, P = the length of a degree of the perpendi- 
cular arc, and D = the degree of an arc which makes with the meridian an angle = B, 

we shall have also 

P-M 
D=M(1 +— p-sin.2d) (5), 

which is the expression usually given, and by means of which the length of the 
oblique degree is found in terms of the degrees of the meridian and i^erpendicular. 

Having computed the spherical excess E from approximate values of the lengths of 
the aides (obtained by supposing the triangle a plane one), the sum of the three 
observed angles should be = 180** + E. But as every observation is attended with 
some degree of uncertainty, the probability is infinitely small that the sum will he 
precisely equal to this quantity in any case. The difference (which in genend will 
amount to some seconds) is the error of the observed angles ; and the next question 
to be considered is, how should the error be apportioned among the three angles, so 
that the probability of the result being true may be greater than if any other mode 
were adopt-ed ? If no reason exists for supposing that one angle has been determined 
more accurately than another, the error should, of course, be equally divided among 
the three angles ; but in practice this is seldom the case, for it will usually happ^ 
that one or other of the angles has been determined by a greater number of obserra' 
tions, or by observations made under more favourable circumstances than the othen, 
and consequently the three determinations arc not affected with the same probable 
errora. In the earlier period of the Ordnance Survey, the apportionment of the 
error appears to have been made in a manner entirely arbitrary, or at least according 
to the observer's judgment of the relative goodness of the observations ; but this 
objectionable practice is now abandoned, and a uniform method, founded on the 
theory of chances, adopted. Supj)Oso several observations to have been made of the 
same angle, and that the seconds of reading are /, /', /", &c., and let m be the average 
or arithmetical mean of the whole ; then m — /, m — /', vi— l'\ i:c., are the errors of 
the individual observations, and the weight of the determination, or of the average «, 
is equal to the square of the numl^er of observations divided by twice the sum of the 
squares of the errors. In this manner the toeiglU is found for each angle, and the 
error of the triangle, that is, the difference between the sum of the three angles (each 
being the average of the observed values) and 180" + E, is divided into three parts 
respectively proportioned to the reciprocal of the weights, which parts form the cor- 
rections to be added to or subtracted from the angles to which they respectively 
correspond. We have then three corrected spherical angles, the sum of which is 
exactly 180 +K.* 

• The text from the asterisk in pa;je .'<.<s6 to tliis is cxtrjvcted from the article ' Trigono- 
metrical Survey,' in the Encyclopaedia MetropoUtjna, by the Astronomer Royal. 
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Haying got thus far, let as pause to consider an 
example of what Has been laid down, taken from 
ihe records of the Ordnance Surrey. 

In the triangle x, y, z, — x is the well-known hill, 
Ben Lomond, in Stirlingshire ; y, Cairns Muir on 
Deugh, in Kirkcudbright ; and z, Enocklayd, in the 
county Antrim, Ireland. The side z has been 
found, by prerious computation, 352,037*62 feet; 
and the angles as observed are 




( lat time 56' 
X < 2nd time 56 
( 3rd time 56 


43' 
43 
43 


29" -97 ) 

27 -04 [56** 

28 -72 ) 


Moan. 

43' 28" '58 


y Once only 79 


42 


28 -69 79 


42 28 -69 


1st time 43 
^ 2nd time 43 


34 
34 


88 -36 1 ,„ 
35 -43 f ^^ 


34 36 -89 



Sum of all the angles 180 6 34*16 

The spherical excess must now be computed by the rule already given, as follows : 
Having the three angles and one side (it being remembered that for this purpose 

we calculate only approximately and consider the triangle a plane one) we obtab, by 

ordinary trigonometrical formulae, 

X = 426,960-0 feet, y = 502,470*0 feet. 

The mean latitude of the triangle is 55° 40^, which will be represented by 2 in the 
before-given formuln (2, 3, and 4), and the quantities a and e are assumed from 
utronomical data. 

a = half the polar axis = 20,852,394 feet, 

^ = ^^=30r026 =003322. 

Hence by formula 2, 8, and 4, 

R = 20,924,824, R' = 20,968,900, and r = 20,946,814. 
Having thus the value of i*, we may apply formula 1, which, using logarithms, 
becomes 

Log, E = log. X + log. y + log. sin. z f 0*37116 
= 1*54108. So that 
E = 34" -760. 

Deducting this quantity from the sum of the three angles as found above, viz., 
180" C 34''*16, we have the remainder 179" 59' 59"-40, which falls short of 180" by 
0"'6O, which is therefore the error of the triangle. 

To apportion this error by the rule already given, — the angle x has been three 
times observed, and its mean value is 56° 43' 28" '58 ; deducting each observation 
from this mean, we get the several errors + 1*39, — 1*54, + 0*14, and their squares 
1*9321, 2*3716, and 0*196 : the sum of the squares = 4*3233. Then the square of 
the number of observations divided by twice the square of the sum of the errors 
= 9-7- 8-6466 = 1*041, the weighty the reciprocal of which is -961. 

The angle y b but once observed, and the weight is assumed as -1, the reciprocal 
of which is 10. 

Proceeding with the angle z as with the angle 2, we get its weight = -4660, and 
the reciprocal thereof 2-146. 

We must now divide the error (0"*60) of the triangle in the proportion of the 
reciprocals of the weights ; and thus the error of x becomes + 0''-04, of y, + 0"*46| 
iod of ^ + O'^'IO ; and the corrected angles become 
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X 


= 56« 


43' 


28" 


•62 


y 


= 79 


42 


29 


•15 


z 


= 43 


84 


36 


•99 



and their sum 180 34 ^76, that is to say 180° + £. 

HaTing nov the three corrected spherical angles and one spherical side, we may 
compute the remaining sides by three different methods, vis. 

1. By the formulsa for spherical trigonometry. 

2. By finding the chord of the given side or arc, and deducing from the spherical 
angles the angles formed by the chords ; then computing the t«ro unknown chords 
by plane trigonometry, and converting them into parts of the circle. 

8. By Legendre*s method, which is as follows : From each of the angles (corrected 
as above) of the triangle deduct Jrd of the spherical excess ; then the sines of the 
angles so diminished will be proportional to the lengths of the opposite sides (airoi, 
not chords). 

The second method was for a long time used in the calculations of the Ordnance 
Survey ; but it has of late been superseded by Legendre^s simpler method. Let ub 
proceed with our example accordingly. 

One-third of the spherical excess we soon find to be 11'''586, which, deducted from 
each of the corrected angles, leaves 

« - 1 E = Ce'* 43' 17''04 
y~lE = 79 42 17*56 
z-iE = 48 84 25^40 

The side z already known = 850,057*62, and with these data, by the proportion of 
the sides to the sines of their opposite angles, we get 

a = 426,974-06 feet, 
y= 502,504-42 feet, 
and the triangle is solved. 

When the heights of stations are required with extreme aecuraey^ there is no less 
laborious method than that of ascertaining them with reference to a datum point 
by means of the spirit-level, because the amount of refraction at any given time and 
place is so uncertain, that results obtained through angles of elevation or depreanon 
will be only approximations to the truth. Many reasons may, however, make it de- 
sirable to obtain these approximations, and the following is the method. 

At present it is the practice to take depressions and elevations to the base of the 
pile, otherwise a correction would have been necessary for the height to which the 
telescope was directed above the station. But as the centre of the instrument most 
always be, from its construction, four or five feet above the station, a reduction to the 
centre is unavoidable. The reciprocal angles from any two stations A and B having 
been thus reduced by the common rule,* and the distance A B being known from 
the triangulation in feet and seconds, we estimate the refraction by the following 
formula} : 

Let d — the observed depression at a, 

^ — »> »l »i ^i 

C = arc A B in seconds, 

r = the mean refraction, 

^ = the difference of altitude between A and B in sconds, 

^ = same difference in feet ; 



* Given in all books on tho application of trigonometry to the finding uf heigliti and 
distmces. 
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thexir«l{C - (d + d')\ 
^ « 4 C - (<i + r) 
^= AB (in feet) x ^sin. 1", 

If one of the stations is eleyated, then d or d', as it may be, must be taken negatively. 

Before the latitudes and longitudes of the stations can be computed from the geo« 
detieal obserrations, it is necessary that the latitude of at least one station, and the 
inelination to the meridian of one side, should be determined by astronomical means. 
These obtadned, the following rule given by the Astronomer Royal, and now extracted 
from Colonel Tolland's (R.B.) account of the measurement cf the Lough Foyle base, 
soffices to find the latitudes, longitudes, and azimuths for a series of stations. 

Let P be the pole of a fictitious sphere, A P and B P the co- 
latitndet of the two stations, B & an arc of a great circle perpen- 
dicular to the meridian A P, B 6^ an arc of parallel, A B the 
distance in feet between the two stations, and P A B the azimuthal 
bearing at A of the station B ; then the several steps of the 
ibnnul® are : 

Is! Convert A B into seconds of arc, using any approximate 
radku;* then solve A B 6 as a spherical triangle right-angled at 
5, by spherical trigonometry, having the side A B and the angle 
it A j^ven. 

2nd. Apply the are A 6 so found, with the proper sign, to the 
eo-latitude of the station A, for the resulting co-latitude of the 
point d. 

Srd. Solve the triangle P 6 B right-angled at 6, by spherical 
trigoiiometry, having P h and 6 B given, from which will result 
the co-latitude P B of the station B or 6^, and the difference of 
longitude » the angle A P B on the fictitious sphere. 

4th. Take the difference A 6^, expressed iu seconds, in the latitudes of the stations 
A and B or h^, and convert it into feet by the approximate radius previously used, 
and then convert the distance in feet so found into seconds of the carth*s surface on 
the meridian, t which will give the true difference of latitude between those two points 
on the assumed figure of the earth. 

* Colonel YoUand remarks, " It was found that tho normal, or radius of ourvaturo perpen- 
dicular to tho meridian for the latitude of the given station, must be used in the dotorminatiou 
of that of the seoond station, and the normal for tho latittido of tho second in tho determina- 
tion of that of the third, and so on, instead of using any appi'oximatc radius. It was also seen 
that, in addition to obtaining accurate results, the calculations might be materially abridged 
by using the normal, as it then became \mnocessary to convert the difference of longitude on 
(be assumed or fictitious sphere, to the corresponding difference on the spheroid, in conse- 
quenoe of the difference of the logarithms of the normals of the stations A and B on tho 
q»berold being nearly idoitical with the difference of the logarithms of tho cosines of the 
latitude of B on the fictitious sphere and on the spheroid, and hence that the angle P, as foimd 
in the third step, gave at once the difference of longitude, without working out the length of 
the arc of parallel B &i ; thus saving tho labour of taking out all tho logarithms and natural 
numbers required for the fifth step of tho process, which, when groat accuracy is required, in 
a most tedious and troublraome computation. But this step cannot be omitted if any other 
aj^froxiancte radiut be subetituted instead of tho normal for the Latitude of the station A." 

t The length of the radius, in any circle, is equal to tho length of 57*2957795 degrees mea- 
lored on the clrcxmiference of that circle ; hence the radius of curvature being known, tho 
length of the d^n^-ee can be found. It will facilitate computations if before commencing them 
Tables be prepared of the Arithmetical Complements of the Logiuithms of tho nimiber of feet 
in a second — ^Ist, on the meridian ; 2nd, on the perpendicular circle ; and Srd, on the cirolo 
inclined 45* to the meridian— for every 10' of latitude within tho compass of tho Survey. 
Tables of this kind have been computed at the Oixlnance Map Office, for the latitud38 in Great 
Britain and Ireland. 
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6th, Then compute Bftj in seconds =P x sin. 6P, and convert this value into feet 
with the assumed approximate radius, and again into seconds of longitude, by using 
the spheroidal radius of parallel for the ktitude of B or 6, ; in other words, convert 
the length of B ft^ from feet to seconds of longitude, by dividing by the radius of 
curvature perpendicular to the meridian for the latitude of B x the cos. of the latitade 
of Bxsin. 1". 

Cos. P A - P B 
PAB+PBA 2 ^ APB 

6th. Tang. ^ =Cos: PA-fPB ' ^^'"2"' 

2 
from which PAB + PBA are obtained, and by subtracting the given angle, PAB, 
the required azimuth of the first station at the second is found = PB A. 

It is in the verification of the results obtained by the above formute that the zenith 
distances obtained by the sector are used. 

When the length of an arc of a great circle is to be measured on the earth's sur- 
face, the amplitude of the celestial arc of meridian is obtained by means of the sector. 
The line selected for the terrestrial measurement should be such as to give no cause 
to apprehend inaccuracy through irregular local attraction. A series of principal tri- 
angles is carried along the lino so selected, and it is advisable to verify the work by 
measuring as a base a side of one of the terminal triangles. The triangles having been 
computed, and the bearing of their sides from the meridian or its parallel being known, 
the distances on the meridian may be found by right-angled spherical trigonometry, 

and the sum of these distances is the } ^ ^ f of the required meridional arc. 

{ measure ) ^ 

By a similar process, the length of the arc of a great circle perpendicular to the 
meiidian may be obtained, and from it the length of the degree of longitude at any 
latitude on the measured arc* 

The compulation of distances for the detail survey from the secondary triangu- 
l<U{on. — If the grand triangulation have been properly executed, the sides of the 
great triangles will form so many checks on the minor distances to be computed from 
the secondary triangulation, that the risk of error will be very small indeed ; and, 
should an error occur, it cannot cause raoro inaccuracy than the misplacement of one 
or two points. In theory, the rules which have been mentioned as applied for the 
computation of the greater triangles are equally applicable to that of the less ; but as 
the distances become shoi*ter, it will be found that the necessity for taking into con- 
sideration the figure of the earth becomes less apparent, and when the triangles at 
length become very small^ the spherical excess is scarcely appreciable, and they may 
be solved by plane trigonometry. The apportionment of the error of observation 
among the three angles should, however, always be made according to the rule above 
given, whether the triangles be large or small. 

Perambulation and notation of 2JubIic boundanes. — Before commencing the detail 
survey of a district, it is necessary to ascertain and shew on a skeleton map the exact 
line of such public boundaries as are to be delineated on the finished plan, in order 
that the person in charge of the surveying party may take care that all parts of it, 
whether indicated by easily recognisable objects, such as hedges, walls, streams, kc., 
or foUo'ving a line undefined on the ground, shall be precisely surveyed, and that the 
correctness of the map shall not afterwards be disputed. 

The perambulator should be instructed by a person well acquainted with the 



Thtileugth of the degree «>f lon^^itndo iw found by uiidtiplying tlic dc-;^'rec of the i»crpcn- 
Oar circle l>y the cosinu of the hiHUid 



dicular circle l>y the cosino of the Lititiul 



SURVEYING. 593 

bonncUry to be noted ; and this person should be appointed by the local authorities, 
or delegated by the persons most interested in the just definition of the boundary ; 
and when there are conflicting interests separated by the boundary, each interest 
ought to be represented by one or more persons. 

The perambulation is commenced at some remarkable or well-defined point ; and 
a series of straight lines passing as near as possible to the actual boundary and 
parallel to its general direction, measui'ed with the chain, and offsets taken from them 
to all the cnrres and angles of the boundary. When a trigonometrical station, or 
some remarkable object sure to be accurately fixed, is within reasonable distance of 
the chained lines, it is expedient to take an offset to it. 

The boundary remark-book is kept much in the same manner as an ordinary content 
field-book. The names of proprietors on either side of tbe boundary are shown in it, 
and remarks setting forth all customary or legal rights touching the ground over which 
it runs should be entered. These remarks should be full and precise. 

In general, county or parish maps can be procured, from which to construct the 
skeleton map, and in such cases only the measurement should be conducted as above 
described. But where no moderately good map is available, the perambulator must 
traverse the boundary with the theodolite ; and the skeleton map will be made 
entirely from his work. 

When there is a disagreement as to the right direction of the boundary line, 
which disagreement cannot be adjusted on the ground by the umpires or mercsmen, 
the perambulator will ascertain the lines according to each claim, and note them in 
his book ; and he will, further, draw up a report of the claims and arguments on both 
■ides, and of the names of such witnesses as can speak to the matter, in order that 
the proper survey officer may — if he shall fail in inducing the X)arties interested to 
bring their differences to issue — be enabled to collect information whereby to decide 
the fjidr line for the purposes of the survey. 

The skeleton map exhibits simply the line of boundary, and the objects distant a 
few feet on each side of it. Tbe ordinary distances and notes from tbe boundary 
remark-book are shewn on it by figures and abbreviations, and particular remarks are 
either written on some part of tbe map near to the portions of boundary to which 
they refer, or detailed on a separate paper, and referred to their proper positions by a 
mark or letter. The scale for these maps, as used on the Ordnance Survey of Great 
Britain (it is found very convenient), is 12 chains to the inch. 

Detail Survey. — On entering on the survey of a district, the superintendent of 
lorveyors is supplied with a rough diagram of the points fixed by the secondary 
triangulation (but shewing no distances nor angles), and with the boundary sketch (or 
• skeleton) maps belonging to his work. 

He arranges his triangles for survey with a view to local convenience, taking care, 
however, that their angles are not extremely obtuse nor acute, and that tbeir sides 
are not very much disproportioned. Having done this, he allots a triangle to each 
sarveyor of his party. The surveyors in any two adjacent triangles arrange between 
them which shall measure their common line. Each then proceeds to measure the 
tides of his triangle, and then divides and measures the interior by such lines as 
are best calculated for obtaining quickly and accurately the detail within it. For 
the scale of six inches to a mile, on which tbe maps of the Ordnance Survey are 
now drawn, no sketching whatever is allowed, neither is the direction of any line 
allowed to depend on an angular bearing, but every line is adequately checked by 
other lines. 

It was for a long time the practice to level the sides of the triangles, then to chain 
to the sor&ce of the ground, and reduce the measured length to tbe borizon. But of 
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late it has been found equally correct and more expeditions to dispense with the 
loTelling, and to cause the surreyor to stretch his chain always, as near as he can 
judge, parallel to the plane of the horizon ; and then to find, by a plnmmot let fall 
from any of its divisions, the distance on the inclined sar£sce. Thus the field-book 
requires no correction. 

A chain*s length should be laid off from a standard at some convenient place where 
the party assemble before going to work, and every chain tried, and corrected, if 
necessary, in the morning before it is used. The adjustments of the theodolites and 
levels should, in like manner, be tested every day before they are used. 

Every surveyor dates his day's work in the field-book, and at some conyenient spot 
on every page collects the total length of lines and ofbets contained in it. The 
amount is carried over and added to that of the next page, and so on, to the end of 
the day's work. 

All erasures in the field-book with a knife are forbidden. 

No work is allowed to be entered in pencil. 

For the six^lnch to a mile scale no offset may amount to a chain in length, and for 
other scales the limitation should be proportional. 

The average daily progress of a good surveyor in England, surveying for the six-indi 
to a mile scale, is — 

With one Chain-man. 
Close large village ....... about 5 acres. 

Villages and surrounding fields, &c. . . . . . ,, 14 „ 

Close country, gentlemen's houses and demesnes, &c. . ti 20 „ 
Medium country, ordinary fields, and scattered farms . . 30 to 82 „ 
Open moorland with roads, streams, boundaries, car- 
tracks, &c. (iVo fields.) 55 ,, 

Traverse surveying, and the determination of distances by the small instrument^ 
are never resorted to when the triangular and actual measurement can possibly be 
applied. 

The system here described can be carried out in the survey of a large town. The 
directions of all the lines are ascertained by an instrument, and marked on the walls 
and pavements for the guidance of the surveyor. This should be done by the non- 
commissioned officer in charge or some trustworthy person. Where the direct line 
is impracticable, the surveyor measures on a parallel line. If to be laid down on a 
large scale, such a survey will require very great care. livcrpool was surveyed in this 
way for the scale of five feet to the mile. Different officers may prefer different 
modes. Manchester, for instance, was divided into blocks of houses, so that the 
bounding lines of each block might fall in a street or alley, and thus be oom- • 
paratively convenient to measure. 

The division of the survey into sheets or plans and the means of preserving coincidence 
of the common lines. — As a boundary line for a plan or division of the map, a seriei 
of sides of secondary triangles is preferable to a townland or parish boundary; 
because any two sheets have thus for their common boundary straight lines, and 
moreover, the extremities of these lines are trigonometrical points, which can be laid 
down with equal exactness on both sheets. The detail of the country on the two 
sides of these common lines will thus be plotted either by different persons or at 
different times ; and to insure exact coincidence of all the points, the line, with a 
small extent of the detail on one side of it, is first traced from one of the plans, and 
the trace is then applied to the same line on the other plan ; if any disagreement be 
perceived, the cause is immediately sought for in the field-books and plotting, and 
adjusted. Supposing the common line to separate not only two plans, but likewise 
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the work of two different officers, stationed in different places, the trace with the 
work of one of them shewn, say in blue, may easily be transmitted to the other, who 
will trace his side in red or some other colour : the smallest difference thus becomes 
apparent. The arrangement here described has reference only to the eontirudion of 
the maps ; of course when they are printed, it will be on sheets containing each an 
equal area. 

The search after names, and deiennination of their orthography, — According to 
the scale of the map, it must be determined, before beginning to draw, of what objects 
it will be practicable, consistently with a due regard to clearness, to insert the 
names. An uniform rule must of course bo fullowed throughout the work. The 
perambulators and sunreyors should be ordered to collect as many local names as they 
can without hindrance to their other duties, and to forward with their field-books a 
lilt of the names and a brief description of the spaces or objects to which they belong. 
These lists lerye as guides to the persons sent expressly to ascertain correct names 
and orthographies. Land-owners, clergymen, and such other persons as from pro- 
fenional opportunities or antiquarian or local knowledge are competent to give 
opinions on these points, will be requested to write and sign what they consider 
necessary touching the orthography, derivation, and application of names. From 
records such as these, a choice of the mode of spelling will, in most instances, be easily 
made ; but in some cases it will be necessary to refer to men who have studied the 
ancient and provincial dialects of the districts in which the names occur.* Besides 
the oljects which belong to the inresent age, it is highly desirable to shew, on 
a general map, remains and sites, also battle-fields, — spots where interesting events 
hare occurred, &c 

The plotting of distances, and detail on paper, — The trigonometrical points should 
he laid down on the sheet to be plotted, by a non-commissioned officer or superior 
draftsman, who will see that each point is in its exact position with relation to all 
the other jMints on the sheet. The plotting will need very little description, as so far 
from being more difficult than in ordinary surveys, it will be found, by reason of the 
trigonometrical system according to which the survey is made, the easiest possible. 
There is no need of the protractor — all the lines fit into their places and check each 
other, and the detail is laid down very simply. 

The plotter should be required to bring to the notice of the superintendent all 
•rrors in the field-book, and all cases where the surveyor has departed firom the 
ngulations, in the too great lengths of his ofisets, in not sufficiently checking his lines, 
in making erasures in his book with a knife, &c. 

The examination on the ground. — After the detail of a plan has been plotted in 
pencil, it is traced off in portions convenient for a sketching portfolio, and given to 
field aketchers, or examiners, to be taken to the field and rigorously examined, and, 
if necessary, corrected. The examiner should always have a chain and offset-staff 
with him. He, besides ascertaining the accuracy of the trace, shews on it the detail 
in its proper characters, ^d gives full information to the draftsman, who is to pen in 
and om&ment the plan. 

The drawing. Uttering, and ornamenting. — These, like the plotting, are operations 
so well understood, that it is unnecessary to say much here concerning them, except 
as regards the system, according to which, in extensive operations, they ought to be 
rogulated. The features of the ground, on the Ordnance Map, used till very lately 



• The writer would lay stress on the propriety of employing, for the collection of ortho- 
giaphlas, mem fitted by education and intelligence for the duty : the attempt to do the work 
mtdkoMically, by employing illiterate persons giiidod by fixed rules, will bo found very luuatis- 
fitttory, and, in the end, far from oconomicol. 
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to be shewn by portraiture on the * light and shade * principlei very skilfully executed, 
and giving the maps a beautiful appearance. This mode has, however, now been 
changed for the exhibition of the levels, by means of horizontal contours at 25 feet 
vertical intervals — a style less appreciable by the eye, but having the advantage of 
giving the accurate altitudes and slopes of the country, whereby the practicability, or 
proper direction of roads, canals, railways, &c., may be readily decided on ; and thus 
forming a most important and valuable aid in the projection of public works. Certain 
symbols (see * Topographical Hieroglyphics,* vol i. part 2) should be adopted for the 
representation of objects of Sequent occurrence. The systematic use of the different 
print hands, in the names, may be made a means of indicating to some extent the 
nature of the object. Thus the names of counties, ridings, hundreds, parishes, town- 
ships, kc.f should be written always in uniform characters ; churches, gentlemen's 
seats, demesnes, antiquities, works of art, &c., the same ; and ranges of hills, single 
features, &c, each kind in appropriate type. The ornamenting should be arranged 
with a similar view ; and roads, woods, sands, ravines, parks, pleasure-grounds, &c., 
be all uniformly represented. 

Contouring is already described in vol. i., and Levelling in vol. ii. 

The computation of areas. — ^When the areas of the public divisions of a country are 
required from a trigonometrical survey, it will be advisable to ascertain them in two 
different ways — first, by computing the areas of the triangles whose sides most nearly 
coincide with the areas of such divisions, and adding or deducting the irregular 
figures which may be interposed between the boundary and the sides of the recti- 
linear figures. This computation ought to be made in duplicate ; and, to prevent the 
risk of collusion, it is better that the two persons who make it do not reside in the 
same town. Their computations can afterwards be compared, step by step, and 
disagreements be investigated and adjusted. The other way is by measuring with a 
computing scale or other instrument the different areas on the plan or map. This 
mode is of course less accurate than the former, but it forms an excellent check, and 
should not be omitted. 

Engraving^ printing, and publication, — On the Ordnance Survey of Great Britain 
the maps are engraved and printed under the superintendence of the Director. 
Ingenious machines have been invented for laying down the trigonometrical points on 
copper, and for ruling the lines of even shades such as are used for buildings. 
The last improvement in these was made by Colonel Yolland, R.£. It is unnecessary 
in this place to give a description of these operations. For the sale of the maps, 
agents are selected by the Ordnance in the metroiK)lis and principal towns, to whom 
25 per cent, profit is allowed on the price paid by the public. The mapfl hitherto 
published on the scale of 1 inch to a mile hare been of different sizes in different 
parts of the kingdom ; and it is obvious that the quantity of labour spent in this 
preparation cannot be the same for all, even if there were no variation in sice. 
They were, therefore, originally published each at a cost proportioned to the expense 
of preparing it. Since, however, the art of electrotype has become available for 
the renewal of the platen, it has 4)cen determined that 2s, the sheet, or 6(i. the 
quarter-sheet, shall be the price for all the work. It is moreover determined that 
the sheets on this scale shall henceforth contain a fixed area of 864 square miles. 

The sheets on the scale of C inches to the mile contain each 24 square miles, and 
are published at the price of bs. each, but it is believed that a reduction of this price 
is contemplated. 
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FORCE AND ORGANIZATION OF THE ORDNANCE SURVEY OF 

GREAT BRITAIN AND IRELAND. 

The force employed on bhe Ordnance Sorvey of Great Britain and Ireland lb partly 
military and partly ciriL The Ordnance Map Office, or office of the chief officer, 
which is the head-qnarters of the Department, is stationary, and at present fixed at 
Southampton. Besides the business belonging to the general superintendence, and 
the diagrams and computations of the trigonometrical department, the engraving and 
printing for Great Britain are executed here ; and here, too, are the principal stores 
of the Surrey. While the survey of Ireland was in progress, there was a head-quarter 
office in Dublin ; and though Southampton is now the head-quarters for both islands, 
the engraving and printing of the Irish plans are still executed in Dublin, and the 
documents and plates of the Irish Survey are there preserved in a fire-proof building. 
The Officers in the field hire temporary offices in towns convenient for their work. 
Bach Officer constructs in his own office the maps of the country surveyed by his field 
parties, and, when they are finished, transmits them with the field-books, sketch 
maps, and all documents connected with them, to head-quarters to be engraved. 
Thus there is a field and an office force attached to each division. 

IHrection.'-^An. Officer of the Royal Engineers, receiving his appointment and 
instructions from the War Department) through the Inspector- General of Fortifications, 
conducts the Ordnance Survey with the official style of Director. He regulates the 
whole of the operations connected with the undertaking, from the measurement of 
the base to the completion and publication of the maps. He commands the military 
companies employed on this service, and controls the civil branch in all matters 
affecting the work. He demands from the Inspector-General the number of Officers 
required to assist him, according to the duties in progress and the proficiency of the 
non-commissioned officers and other assistants. The interior economy of his depart- 
ment is ordered entirely by his discretion, his expenditure being limited by an annual 
parliamentary grant. 

The Organization is throughout according to a military principle, and though the 
assistance of civilians is largely made available, it is simply to serve, so to speak, as 
muscles for the military skeleton. No branch of the duty, however inferior, is per- 
formed entirely by civilians or without the supervision of some responsible soldier ; 
and the conduct of all the operations is within the control of the Mutiny Act and 
Articles of War. 

Azgigtant Officers have charges assigned to them in the different departments of 
the Survey — 

One or more being employed to assist the Director ; 

One^ at the least, to direct the trigonometrical operations ; 

One for the boundary department ; 

One for contour levelling ; 

One for each division of the detail survey. 

Their number is by no means constant, but is regulated by the extent of ground 
onder survey, and by the degree of proficiency of the non-commissioned officers. For 
instance, till very lately, one Officer, if not two Officers, was always present with each 
great instrument ; now, the non-commissioned officers are so well instructed that they 
can observe as correctly as their superiors, and the constant presence of an Officer is 
no longer necessary. 
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The military force is divided into feetioni| each of a tirength taffioient for th« 
entire direction and snperrision, and for the partial execution of tlie dnty allotted to 
it. The Captain and Sabaltems of a company are very seldom stationed in the same 
place, and the strength of the detachment with each Officer is proportioned not to his 
rank, hut to the exigencies of the serrice on which he is employed. 

The non-commissioned officers ongbt to be most carefully selected, and employed 
with regard to the direction of their respective talents. 

The responsible offices are all filled by soldiers, no civilian being responsible for 
more than his individual labour. 

Each soldier employed on the survey is allowed working pay at a rate fixed by the 
Director, according to his acquirements and industry ; and for the satisfiu^tory per- 
formance of duties requiring management and industry — such, for instance^ as 
reflecting with the heliostat, piling hills with judgment, &c, it is cnstomary to allow 
special rewards. 

It is advisable that the soldiers should be instructed in the duties of as many 
branches of the work as possible, that they may be available whenever the service 
may most require them. 

The civil branch works entirely under the direction of the military ; and, speaking 
comparatively, its duties may be styled mechanical. The labours of the civilians are 
constantly overlooked, and their duties assigned daily. It is expedient, moreover, to 
guard against collusioo, that each civil assistant should comprehend only his own 
particular duty, be it surveying, plotting, drawing, or other service. This policy is 
rendered necessary by the extremely slight ties by which civilians are bound to the 
service. They receive their wages weekly, and although it is expected that they give 
a month's notice before quitting their employment, there is no power to prevent thdr 
doing so at any minute when tbey may be so inclined. 

AccounU. — Each Officer is furnished monthly with an imprest to meet the probable 
expenses of his division or party. He distributes the pay of the civilians and the 
working pay of the military, and makes the disbursements necessary for the contin- 
gent requirements of his division, taking proper vouchers, and quoting in each case 
an authority for his expenditure. 

Every division having commonly several small detachments in the field, the pay- 
ment of each detachment is necessarily made through the non-commissioned officer 
in charge of it. 

Once in a quarter each Officer submits his accounts to the Director, who, haviiig 
examined and approved of them, forwards them to the Surveyor-General of the 
Ordnance. 

Chain of retponsibUiii/.—BreTj party, however small, is under the charge of either 
a non-commissioned officer or private of the Royal Sappers and Miners, who is 
responsible that the work is carried on according to orders, and that every procaution 
to prevent negligence or deception is taken. 

In the office, likewise, a non-commissionetl officer superintends each department of 
the work. 

These report, either directly or through a senior non -commissioned officer, to the 
Officer of Engineers in charge, and, according to the litest arrangement, each Officer 
reports immediatoly to the Director. 
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DMORXPTIOH Of OOXPSVSATIOir BARS (PAQl 079).* 

Plato IIL Fig. 1. — Diagram shewing the principle of the oompentation bar. 
a a\ Braas bar. 
6 Vf Iron bar. 
p q. Steel conneetug bar. 



> at the higher temperature of 62* + n^ 



c <f. Brass bar 
dtPf Iron bar 

, * _ , > at the lower temperature of 62' — «*. 

,^ , > Position of the steel tongues at the temperature of 62**. 

e d n ) 

JM , \ The same at the temperature of 62** + n*. 

efn ) 
, - , > The same at the temperature of 62* — n°. 



, > The points of intersection, or compensation. 



n 
n' 

Fig. 2. — Plan of the compensation bar, lying in its deal box, supported upon brass 
rollers, fixed into the bottom of the box at one-fourth and three-fourths of its 
length ; the parts being free to expand from or contract to the centre : the brass 
noizles, which protect the projecting pirt of the tongues, are also shewn in this 
figure ; likewise the longitudinal spirit-Ierel and scale, and the small brass cross- 
pieoes for steadying the bars by preventing any sudden jar from striking them 
against the lid of the box. 
aaff b h\ the compensation bar^. 
efgh, the deal box. 
rt^^ rollers. 

o\ protecting brass nozzles. 
m m'l cross steadying pieces. 

1 /, two strong iron cylinders, uniting the brass and iron bars at the oentre. 

/, rertioal brass stay, screwed to the bottom of the box, to prevent longi- 
tudinal motion. 
^ longitadinal leveL 

XX, shewing the mode of attaching the level to the brass bar. 
Pig. 3. — Mode of fixing the brass and iron bars together at the centre, and of pre- 
venting any longitudinal motion of the bars in the box : the longitudinal scale 
and level shewn on the left. (The whole on a larger scale than in fig. 2.) 
Pig. 4.— Side elevation of the bar, resting upon its roller in the bottom of the box, 

and shewing the brass cross-piece between it and the lid. 
Kg. 5.— Side elevation of the bar in the middle, where the brass and iron are screwed 

together, and shewing the vertical brass stay. 
Fig. 0. — Plan of the steel tongue on which the compensation point is marked, and 
which moves freely upon two conical brass pivots, with steel sockets, through 
the middle of the brass and iron bars, near their extremities. 
Pig. 7. — Oblique end view of the tongue, pivots, atfd brass and iron bars. 
Pig. 8.— Elevation of the pivot, seen from the side of the brass bar, shewing the rear 

or root of the tongue. 
Plato IV. Pig. 9 represents one of the compensation bars in iU box, as used in the 
meanrement of the base, resting upon two brass levelling tripods or camels. 



• From an account of tho m«wurement of the Lough Foyle Base, by Colonel Yolland, R.E. 



BOO SWIMMING. 

each having a lateral or cross motion, and one haring alio a Umgitiidiiial 
motion ; each tripod rests upon a trestle or three-legged wooden stool, whieh 
stands upon a triangular deal frame, supported horizontallj upon the heads of 
three stout pickets, of length proportioned to the nature of the soil into which 
they are driven. At each end of the bar in the fignre (which may therefore be 
considered as the first bar in a set) a compensation microscope is placed, resting 
in grooves upon a brass three-armed staud, screwed to the end of the box con- 
taining the coiDpensation bar. Under each of the centre microscopes is shewn 
a register, technically called a ' point-carrier.* These point-carriers are of 
various constructions, principally made of cast iron, and of a triangular form 
at the base : in the middle is a brass cylinder, sliding vertically through a tube 
and rings, with clamps to fix at any height the adjustable plate or disc which 
it carries at top, and on which is engraved a fine dot on a silver pin : this dot is 
finally brought to exact bisectiou under the microscope by means of three 
screws which move the disc horizontally in any direction. On the top of the 
bar-box is shewn the end of the cross-level, aud also the shutter of the 
glass window through which the longitudinal level is observed during the 
measurement. 

L L, Brass levelling tripods. M M, Compensation microscopes. 

T T, Wooden trestles. T Y, Registers, or point-cnrriers. 

B R, Triangular deal frames. w, Shutter of the gloss window 

P P, Wooden pickets. over the longitudinal level. 

C C, Clamping plates, v. Cross-level. 

SWIjVIjMING.* — It is scarcely necessary to prove that this art is useful to 
a soldier ; bat we may mention the brilliant feat of Captain Guingrct, at Tordesillas, 
in November, 1812, who swam across tlio rapid Duero, with GO gallant Frenchmen, 
pushing in front of them a small raft bearing their arms and clothing, and after 
storming a tower defended by the Brunswickers, opened a communication over the 
bridge : from this it will be evident that if soldiers are able to swim, they can 
rapidly effect the passage of a river, which may be of vital importance, and would be 
impossible otherwise ; and when it is considered how often British troops are exposed 
to drowning by shipwreck or by the upsetting of boats, it appears advisable to give 
them every facility for acquiring the art, particularly as the practice of it tends so 
much to promote' cleanliness and health. 

As the human body is lighter than water, there are but few men who cannot be 
taught to swim ; and if an instructor were appointed in each regiment, a large namber 
of soldiers might soon learn : they could go through the motions even in a room 
by resting the breast upon a board suspended from a beam, or in a bath, supported 
by a strap passed under the armpits ; and if arrangements be made for rescuing those 
who may get out of their depth, they could practise safely at most stations. 

2o swim on the breast, or in the ordinary way, it is necessary to imitate the 
motions of the frc^g ; each stroke is made by first bringing the ])alm8 of the hands 
nearly together before the chest and throwing them forward with the fingers pointing 
to the front, then separating the" hands so as to make a stroke outwards with the 
fingers extended close together, and finally bringing them in front of the che«t again 
to make another stroke as before, at the same time kicking out behind, so as to make 
a steady simultaneous effort with both legs aud arms, and keeping the head back so 
as to enable the swimmer to breathe freely. 
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In twimming long distances it is adyantageons to rest the limbs hj swimming on 
the back or side : in the former case it is only necessary to kick out with the legs, 
and in swimming on the right side a circular stroke is made with the right hand in 
front and with the left close to the side, — and the contrary in swimming on the left 
side : also rapid progress may be made by throwing forward each arm alternately, 
letting the hands fidl edgewise into the water, and taming upon each side in sncces- 
don as a stroke is made. 

In order to dive, the head most be turned down, and the iegs being thrown ap, the 
body will nnk, and can be propelled in any direction as in swimming on the surface : 
the ^yes being kept open and objects distinctly seen nnder water, persons who hare 
sank can be searched for and pulled up, care been taken to aToid their grasp ; and 
if they hare presence of mind, they can, on reaching the surface, support themselves 
behind the swimmer by resting their hands on his hips whilst he advances towards 
the shore. 

If letters, clothes, ammunition, the locks of muskets, &c., are required to be con- 
Teyed, it will be best to secure them on the head ; but the proper buoyancy will be 
best preserved by carrying things under water attached to the back. 

Though cramp is much feared, it seldom attacks people except when the water is 
oold, or when they have been a long time in it> and it generally goes off by lying on 
the back and stretching out the heel. 

Swimming with a line is often reqiitred, when vessels are wrecked (as boats are 
often useless), to establish the means of escape, and also when it is necessary to cross 
riTSn in advancing through an enemy*s country, or in traversing a wilderness : this is 
rendered difficult by the weight of the rope causing it to onk, when the effect of the 
eunent upon it is increased, and it is liable to be entangled among rocks or seaweed ; 
and as one man cannot support more than 50 yards of small rope, the swimmers 
must not be placed at greater intervals apart ; and they should, when crossing a cur- 
rent, hold the rope with the hand on the side opposite to that from whence it flows, 
or, to give both arms perfect freedom, the rope might be hooked to a belt supported 
by the shoulders, and arranged so that it may be easily detached : it should of course 
be carried as much as possibia with the stream, and care must be taken to pay it out 
with judgment 

To support the line, floats of cork or slips of light wood may be lashed to it, taking 
care that they are of such a form as will oppose least resistance to its progress ; this 
result would be best attained by making the line itself buoyant, or by substituting for 
it an inflated tube of small diameter, formed of canvas, rendered air-tight : if only a 
small portion of this could be obtained, it should be attached to that end of the rope 
intended to reach the shore, for there the chance of a heavy line becoming entangled 
is the greatest, and by wrapping a few turns of such a tube round the body of each 
person who could not swim, or round mail-bogs or other valuable packages, they 
could generally be floated ashore if guided by swimmers, as in cases of wreck the 
wind usually blows strongly towards the shore ; also the boats might be rendered 
more buoyant by attaching it under their thwarts. 

If the distance from the wreck to the shore is great, swimmers might i)erhaps 
derive aid from a small raft consisting of at least three short spars firmly lashed 
together, and having numerous ropes attached so that the men might take a turn with 
them round their wust, to prevent their being washed off ; and this might be steered 
by hoisting a small but strong sail, but it would probably be stranded on outlying rocks 
or sand-banks, and the swimmers can then only advance unaided, or supported by 
corks, or light air-tight cases attached by straps passing under their armpits (for 
whieh purpose common square air-cushions strapped over the chesty and thus present- 
TOL. in. B B 
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ing only a thin edge to the front, bare been found conyenient) : as they approach ih« 
shore, if they cannot find an inlet among the rocks, they must make for a smooth 
beach, if possible, and the moment they find they can obtain a footing they should ma 
on quickly, so as to get out of reach of the succeeding ware : a close-fitting flannel 
dress would not much impede them in swimming, and would be found useful to pro- 
tect them from the effects of cramp, and of the wind on land ; and a light pair of 
shoes, which might be carried at the waist, would enable them to be of more senriee 
among rocks or flints. 

By means of the small line which is first taken ashore, a stronger one may be hauled 
thither, and by passing it through blocks a constant communication may be esta- 
blished : in this manner great numbers of persons have been rescued from drowning. 



T. 

TACTICS OF THE THREE ARMS. 

ON THE COMBINATIONS OF THE THREE ARMS IN THE COMPOSITION, 
FORMATIONS, AND MOVEMENTS OF ARMIES.* 

*' Pliicor les differentes armes selon le terrain, selon le but qu'on se propose, ct celui que Ton 
pout supposer a I'ennemi ; combiner leur action simultan^ d'aprfes les quality propres k 
chacuno d'elles, on ayant soin de les faire souteuir r^iproquement ; voiU tout ce que Tort 
pent conseiller ; c'est dans I'dtude do« gnerres, et surtout dans la pratique, qu'un ofBder 
Bui>6iour pourra acqudrir ces notions, ainsi que lo coup d'oeil qui inspire leur aiypUcation 
opportune." — Jomini, PrtlcU de VArt de la Guerre, chap. vii. art. 47. 

delations subsUting between the CombincUums of the Three Arms arid the Results and 

fundatiuntcU Conditions of Warfare, 

The result of a battle is very materially affected by three things, which are in a 
great measure under control of the Generals who command, and exercise an influence 
which, if not independent of the courage of tho troops engaged, is at least distinct 
from the influence which courage exercises in deciding the issue of the shock of armies. 

These things are — 

1st, The choice of the field of battle. 

2nd, The disposition of the principal masses composing an army relatively to those 
of the enemy, and the manoeuyres executed by them during the battle. 

3rd, The manner of deyeloping the different species of destructire forces made use 
of in warfare, through the agency of the cavalry, iiifantry, and artillery. 

To a certain extent, the consideration of any one of these three things necessarily 
involves that of the other two, not merely from the necessity of viewing them together 
as concurrent causes concerned in the production of a given effect, but more especially 
from the ultimate connection and mutual relations subsisting between them. 

Thus it is obvious that the relative importance of the three arms, and the order of 
their distribution in the arrangement of an army, must be essentially modified by the 
nature of the locality on which the army is to combat. Among rocks and thickets 
infantry is the best species of force which can act effectively ; on open plains cavalry 
may be considered the predominant arm ; and in the defence of defiles and the attack 
of posts artillery has the principal part to perform. f 

• By Colonel Robertfion, of Her Majesty's Stli Regiment. 

t The formatiou of troops and tlioir preliminary disi>ositiou9 depend much more on the 
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Omitting, howeTor, all oonsideratioiui both of particnUr localities and of particular 
oirden of battle^ certain general priDciplee may be laid down for the oombinationa of 
the three arms, solely foonded on the relations which subsist between the distinguish- 
ing pMoHarities in the mode of dcTclopment of their destmctire forces, and the fdn- 
damenial cooditioos of offensive and defensive warfare. 

Restf or the ability to maintain a positbn, is the essential condition of defensiye 
combinations. 

Motion, or the ability to advance, is the essential condition of offensive combinations. 

In tnating of the combinations of the three arms, the first thing to be done is, 
therefore^ to consider how the development of the destmctive power inherent in each 
is aflfocted when snbjected to one or other of these conditions. 

In modem warfiure there are four distinct methods employed for effecting the 
destmction or defeat of an enemy, viz. 

Ist^ The charge of cavalry. 

2nd, The charge of imfaaUry. 

8rd, Thejirt of infantry, 

4th, 7%ejlre of artUlei-y. 

Of the Charge of Troops. 

In estimating the effsct of a charge on the combinations of the three arms and of 
the dzeomstances in which a charge is applicable, it is necessary to consider the 
dbitaelea by which the charging body may be opposed, and the results which it is 
capable of obtaining. 

The obstacles by which a charge may be obstructed are — 

Local impediments, whether artificial or natural, such as fortified posts, in- 
trenehments, abattis, inundations, enclosures, rivers, thickets, swampy or rugged 
ground. These impediments may either be such as to render a charge altogether 
impoaaible, or they may be such as merely to increase the risk and difficulty attending 
its execution. 

Tbe particular consideration of this class of obstacles on military operations is 
treated under the subjects of Fortification and the choice of Positions.* 

The fire of artillery and musketry is another obstacle which offers a formidable 
obstmction to the charge of every species of troops. The effect of fire in opposing 
a chaige depends partly on its intensity and partly on its duration, that is, on the 
length of Ume during which the charging body is exposed to its action. This length 
of time is determined by the range of the projectiles and by the distance and rate of 
motion of the .charging body : as these vary, so does the effect of this obstacle. The 
protection of fire cannot be always successful against a sudden rush ; but a feeble fire 
may suffice to stop the advance of troops, if the distance tliey have to traverse be 
conoderable and their rate of progression slow. 

A natural obstacle, by impeding the advance of an attacking force, may so greatly 
bcreaae the effects of the fire by which it is opposed as to render a charge impracti- 
cable, tliough neither the magnitude of the obstacle nor the intensity of the fire 
might have been singly sufficient to stop the onset of resolute men. 



nature of the ground than on any othor consideration whatever. The strength of a position 
compcaosates for numerical weakness. 

Defiles in front of an army render superfluous a portion of the means of defence, and increase 
the difficulties of developing the means of attack. As regurdn details, the slightest considera- 
tion, and frequently instinct alone, is sufficient to render evident those modifications which 
the formations consecrated by usage must undergo in order to adapt them to particular 
locaHtiee. —J^armon/, Esprit des Institutions MilUaira, part iii. chap. 8. 

• See * Fortification, Field/ and • Position, Retrenched.' 

R R 2 
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The nature of the result to be deriTed from a snoceasfal charge depends on the 
relation which subsistB between the force that attacks and that against which the- 
attack is directed. 

(1.) When both forces are of the same kind, if the troops composing each be eqval 
in numbers, strength, courage, and equipment, the result of a collision must neeena* 
rily be uncertain, and will very probably be IndecisiTe. 

If the force attacked be inferior in any of these points, it may, by retiring^ always- 
avoid a collision, and escape without sustaining any serious loss. 

When, therefore, the contending forces are of the same kind, all that can genonlly 
be effected by a charge is to drive the enemy from a position. 

The result of a successful chaige is in this case limited to the gain of a position ;. 
the destruction of the troops defending it^ if effected at all, must be accomplished by 
other means. 

The exi>ediency of chaiges of this class must in each particular case be prindpally 
determined by a consideration of the relative numbers and comparative quality and 
efficiency of the opposing forces. 

(2). When the attacking force possesses in close combat a natural physical supe- 
riority over the force attacked, the utter destruction of the enemy may be calculated 
on as the probable result of a successful charge. The certainty of this result^ and con- 
sequently the expediency of charges of this class, depends entirely on the poaBilnlity 
of bringing the charging body into contact with the object of its attack without its- 
suffering a greater loss than will be repaid by the destruction of the enemy. 

In each particular case this will be determined by a consideration of the deserip- 
tion of natural obstacles to be surmounted, and of the intensity of the fire to be 
encountered. 

Of the Charge of Cavalry, 

Rest is incompatible with the action of cavalry ; that is to say, a body of cavalry, 
when assailed, must either advance or retire ; by simply remaining firm, it eannoi 
either maintain a position or inflict any injury on an enemy. 

Marmont says, ** Close combat and hand-to-hand struggles are the objects of the 
institution of cavalry. 

'* It ought to thrust home the sword*s point on the enemy, to crush and overwhelm 
his ranks by its shock, to annihilate his shattered forces by a swift pursuit. 
Murit do8 luHii- '* ^^ pursue the enemy is its habitual office ; for it is rare that a collision takes 
jtionB Mili- place at the instant of meeting : the less confident of the two parties stops and be-^ 
S?i.^ "• takes itself to flight."* 

Unless it be possible to bring cavalry into absolute contact with an enemy, it can- 
not be made available for its destruction. 

The ability to advance is therefore the essential condition on which dei>ends the 
development of its destructive power. 

Charges of cavalry may be resorted to in order to effect three different objects : 

1. To drive another body of cavalry from the field. 

2. To destroy infantry, 

3. To seize batteries of artillery. 



* The principal iiscs of cavalry aro^to prepare the way for victory, to i-endor it complete by 
the cai)ture of priBoners and trophicfl, to pursue the enemy, rapidly to euccour a menaced 
\yAnt, to completo the overthrow of infantry proviously shaken, and finally, to cover the retreat 
id infantry and artillery. 

The reasons are therefore apparent why an army deficient in cavalry rarely obtidns any 
signal success, and why it experiences such difficulties in its retreats. — Jwiini, Pr^is dt VAr 
da la Ouerrtf chap, vii art 45. 
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(1.) A body of cayalry may by a charge compel anotber of inferior force to fly from 
the field, and this result will probably be obtained without a collision taking place, 
T-conseqnently, without any risk or loss being incurred by the charge. 

In order to corer the advance or retreat of infantry, it is sometimes expedient for 
one body of cayalry to chaige another of equal or even superior force. When this 
bappena^ a collision ensues, the result of which must depend on the courage and 
strength of the respectire combatants. The expediency of risking a contest of this 
sort depends on the importance of the object to be obtained by preserring the infantry 
from attack. It is sometimes essential to the plans of a General to risk the sacrifice 
of his eayalry for the preserration of his infantry. 

(2.) The success of a charge of caTab7 against a body of infantry hinges on the 
possibiUty of the cayalry breaking the ranks of the infantry. 

If by its fire and by its bayonets the infantry cannot resist the charge, its destruc- 
tion is Ineritable : retreat will not secure its preservation. 

WiUumt venturing to affirm that it is physically impossible for cavalry to break an 
infantry square, experience certainly authorizes the assertion, that the result of a 
chaige of cavalry against infiintry in good order, and occupying a fixed position, is 
very likely to prove a failure.* 

To insure signal results from a charge, infitntry should be attacked either when 
their ranks are in some degree broken and disordered, or when engaged in the execu- 
tion'of a morement, and unable to assume a formation of defence. 

When infiuitry are regularly formed for the defence of a fixed position, previous to 
4k charge of cavalry, a fire of musketry and artillery should be employed to break their 
formation and diminisU the intensity of their fire. 

It was thus that Napoleon conducted his attack on the Prussian army at Jena. At 
Borodino also the fire of infifintry and guns prepared the way for the successful efforts 
of the French cavalry. 

In resisting an attack, or opposing a pursuing force, opportunities frequently occur 
for caraliy to charge successfully without the co-operation of the other arms. Thus 
at Marengo^ the pursuing columns of the Austrians were overthrown, and the tide of 
victory turned by a sudden and vigorous charge of French cavalry, t 

On account of the inability of infantry in movement to resist the attack of cavalry, 
it may perhaps be concluded that the opportunities for the effective employment of 
cavalry against infiuitry are greater when the cavalry is employed in defensive com- 
binations against a force moving to the attack, than when it is employed in offensive 
combinations against a force occupying a fixed position. 

(3.) When it is necessary to seize a battery by a charge, cavalry, if the gi*ound le 
&vourable for its action, is the species of force best adapted to execute this service. 

Though the bulk of a body of cavalry considerably exceeds that of a body of infantry, 
yet the rate of motion of cavalry is so much greater than that of infantry, that in tra- 
TtrsiBg equal spaces the former will suffer much less than the latter. 

At the battle of Jena, the capture of a battery was the object of a brilliant charge 
of a portion of the French cavalry. 

When cavalry are employed to carry a battery, a body of infantry should follow 
closely for the purpose of securing the guns. 



• It l» admittod that a general attack of cavalry against a Une of iniantry, in good order and 
at a certain distance, cannot bo succeaafully attempted unless supported by infantry and a 
very nomeioufl artillery. We have seen how severely the French cavalry suffered in conse- 
quence of their acting contrary to this rule at Waterloo, and at Kimersdorf the cavahy of 
Frederic experienced the same fate. 

t The Austrian cavaliy having left the fieXd.^Editvn, 
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Of the Charge of Infantry, 

A cliarge of infantry may gain a battle, bnt it cannot destroy an army. 

The object of a obarge of infantry ijs either to capture guns or to dislodge another 
body of in&ntry from a position. 

(1). When the capture of guns is the object of the charge, success depends on the 
charging body persevering in its advance until it reaches the battery. If this can be 
eflfected, an absolute result will be obtained. The risk of failure will be in proportion 
to the distance of the battery and the number of guns of which it is composed. 

No extraordinary effort is required for in&ntry to seize a few detached guns ; but 
when the fire of many guns is concentrated to oppose its attack, the haroc created is 
so dreadful that the most courageous infiwtry frequently fails in the attempt to carry 
a powerful battery. 

At the battle of Leipsic, on the afternoon of the third day, the Allies concentnted 
on the French army the fire of 800 guns, disposed in a semicircle of two miles in 
extent. For four hours the French troops sustained, without flinching, this tremen- 
dous cannonade. During that period, columns of in&ntry repeatedly rushed forward 
to carry the batteries ; but, as soon as they arrived within range of grape, they were 
swept away, and their shattered remnants driven back in confusion. 

(2.) When one body of infantry charges another, excepting in a&irs of posts, a 
collision seldom or never takes place.* 

The immediate result of a charge of infantry is simply to cause the enemy to 
abandon a position. Nor can this result be obtained, even by the aid of great numeri* 
cal superiority, without the attacking force sustaining a severe loss from the fire of 
their opponents. In this respect the attack of infantry on infiintry differs materially 
from that of cavalry on cavalry. 

Of Fire in General, 

Although motion is totally incompatible with the action of artillery, and very 
unfavourable to the development of an effective fire of musketry, yet both species of 
fire are available as well for the purposes of attack as for those of defence. 

That terrible iron shower which shatters the ranks of an attacking column and 
forbids it to approach a position, is equally efficacious when employed to sweep away 
the battalions which defend it, and to compel them to fly from its far-reaching 
fury. 

In considering the effect of fire as a means of offence, it is, however, important to 
remark, that the troops against whom it is employed may by retreating neutralise its 
power as a destructive agent. 

The assailants may indeed pursue, but it is not possible at the same time to march 
and to fire with effect. 

Hence, while the retreat may be uninterrupted, the pursuit must consist of alter* 
nate advances and halts, and the pursuers will necesfiarily be distanced before they are 
able to effect the complete destruction of the beaten force. It may therefore be laid 
down as a general rule, that in offensive operations great and decisive results cannot 



» In actual warfare I have never seen combats of infantry otherwise conducted than by 
biittalioiis deployed beforehand, who commenced firing at first regnlarly by companies, after- 
wards independently by files, or else by columns marching boldly against the enemy, who 
either gave way without awaiting the shock of the columns, or repulsed them before the 
moment of contact ; it might be by the effect of their fire : it might be by their firm demeanour, 
or fijially it mi^^ht bo by rushing forward to meet their assailimts. Scarcely anywhere but in 
villages or defiles have I seen actual conflicts between columns of infantry, the heads of whidi 
struggled by the push of bayonets ; never in the field of battle have I seen anything like this. 
— /omtns PrAru de VAH de la Gwerrt^ chap, vii art 44. 
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be obtained without the aid of cavalry, and that troops, if assailed only by infSuitry 

and artillery, may nanally effect a retreat.* 

The eaees which present exceptions to this rule are those in which it is possible to 

concentrate a powerful fire on a mass of men entangled in a defile or other situation 

where they cannot escape from ita effects. Thus, at Riyoli, an army was precipitated 

into a defile and destroyed by musketry ; and more recently some batteries of horse 

artillery made frightful havoo among the masses of the Sikh army while endea- 

Touring to escape across the Sutlej, after being driven from their intrenchmento at 

Sohraon. 

Of the Fire of Infantry, 

The destructive effect of fire is modified by two classes of circumstances, — by those 

dienmataiioes which affect the fiMility of ita concentrated application, and by those 

which afSsci the btensity of the force of the projectiles and the extent of their 

range. 

The momentum of a musket-bullet is vastly inferior to that of a cannon-ball, but 

the destmetive power of musketry is capable of greater concentration than that of 

artillery. The fire of a line of infantry within the limita of ita range is therefore more 

formidable than that of a battery of the same extent of front. 

In defensive combinations, the position of the infiintry being fixed, its fire is steady 

and uninterrupted* In these combinations the power of musketry acts under the 

,j^ oonditiooB most favourable to its effective development. 

leU It is available at all times and in every locality, and ought to be regarded as the 

^ ^* most oertidn and universally efficacious means for checking the advance of an enemy 

and repelling his attack. 

Motion being incompatible with the maintenance of a steady fire, musketry cannot 

be so effectively employed for the purposes of attack as for those of defence. 

A doud of light troops should, however, always accompany those of a column ; the 

fire of the skirmishers will weaken and distract that of the troops defending the 

position attacked, and will materially contribute to the success of the operation. 

If the troops defending a position have suffered no serious loss from the fire of 

artillery, and can only be assailed in front, the fire of skirmishers will be too feeble to 

cover effectually the charge of infantry ; in such cases, prerious to endeavouring ta 

doee with the enemy, it may sometimes f be advisable for the advancing infantry to 

deploy, and, as it advances, occasionally to halt, and endeavour to shake the enemy's 

line by a fully developed fire of musketry. 

Fire of A rlillery. 

The efficiency of the fire of artillery is in proportion to the number of guns, the fire 
of which can be concentrated on a given point. 

The fiicility of concentrating guns is therefore an indispensable CDudition to the 
effective employment of this species of fire. 

In defensive combinations, the artillery of an army must generally bo distributed 
over a great extent of ground, and at critical moments the fire of powerful batteries 
cannot always be made available at those points where the most vigorous efforts are 
required to repulse the attack of the enemy. At any particular point, however, the 
fire of artillery doubles the strength of a position, not merely (as Jomini observes) on 

• In 1813 tho RiissiaiiB were Ijeaton at Lutzcn and Bimtzcn by the infantry alono. In a 
moral point of view these victories wore of groat imporfcuico, but no real material advanbigo 
resulted from them. A flying enemy can always ndly, imlefts a blow is rapidly struck 
in the first moment of disorder. — JUamwiU, E^yrit dtt InstUutions Militairtft part IL chap. i. 
sect 2. 

fNo British troops ought to be in column within canister-shot.— £'(fi/or«. 
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account of the great distance at whicH ita mischieTooB effects begin to be felt^ and tbe 
discouragiDg inflnence thereby exerted on troops marching to the attack while th^ 
are afar off, but also on account of the havoc which, when they approach within the 
range of grape, is inflicted on them by the fire of this arm. 

In offensive combinations, artillery should be as much as possible concentrated, and 
the fire of formidable batteries brought to bear on those points where it is desired 
that the greatest impression should be made. 

The fire of infieuitry, which is the great staple of defence, and which is available 
against every other species of attack, cannot reach a distant battery. 

When, therefore, a position is assuled by artillery, as soon as the guns defending it 
are silenced, the sole means of opposing active resistance to this species of attack, by 
troops subjected to the conditions of defence, is destroyed ; — either the position must 
be abandoned, the troops defending it must assume the offensive, or they must 
passively submit to the havoc caused by the fire of their assailants* batteries. 

Whenever powerful batteries are concentrated on a given point in order to over- 
whelm an enemy by the superiority Of their fire, Marmont says that artillery becomes 
the principal arm of attack ; and whether the batteries employed be weak or powerful, 
it need scarcely be noted that in the attack of fortified posts artillery has always the 
principal part to perform. 

i Combination of the Three Aitna in the Composition and Organization of an 

Armrj. 

Sdfl de I'Art Jomini says, it may be admitted as a general rule, that one-sixth part of the force 
la Guerro, of an army in the field should be composed of cavalry. This may be regarded as a 
maximum. Three pieces of artillery to a thousand men is by the same writer fixed 
foto, chap. rii. ^ j^ maximum, which experience teaches need never be exceeded. * When the 
infantry and cavalry are courageous and well disciplined, a smaller proportion of 
artillery will suffice, and in most circumstances good troops will not require more 
than two guns to a thousand men. — Vide Aide-M^moire, article ' Artilleiy.' 

In this organization of an army, the range of artillery forms the most natural and 
proper basis for the primary combinations of the three arms. 

In these primary combinations the number of guns and the strength of the cavalry 
are arbitrary, f but the strength of the infantry should be so proportioned to the range 
of the guns, that the front of the infantry when deployed shall not exceed double the 
effective range of the guns. 

♦ The offectivo strcngrth of the infantry being reproscntod .by unity, that of the cavalry 
should be i in a war carried on in a champaign country such as Belgium or Germany ; 1 in a 
coimtry like Spain, and only ^ in a country like Italy. 

In 1832 the ratio of the different arms in the French army was — Infantry = 1 ; Cavalry = 

11 1 1 

Tl ; Artillery = g ; Sappers and Miners (g<5nic) = ^; Waggon train (^uipages)='rr. {LaUite't 

Aide-Mimo'ive, chap. xii. section 1. 

In the estimate for 1EC2-3, the numbers of the different arms in the British army gave the 
following ratio— 

Infiintiy (Colonial cori>s) = 1 

Cavalry (Military Train included) = ^rrr 

Artillery = 4? 

1 
Engineers = ^^ 

t In the corjw d'armde organized by Napoleon at the camp at Boulogne, the cavalrj' was 
altogether withdrawn from the divisions. This system, though the Emperor adhered to it in 
hi* Bubflequent campaigns, is not approved of by Marmont.— Vide Efprit da IrwiUviious 
MUUaire$, part iii. chap I. ; see also Jomiuij Pr^cU d€ VArt (U la GuKiref chap. vii. art. 43. 
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By adding to an asBcmblage of mixed diviBions, organized in this way, two reserves 
tlie one composed exdosiyely of artillery, the other of a mass of cavalry, supported by 
a few hone batteries, a force will be constituted in which the three arms are combined 
in a way which is adapted to the exigencies both of defensive and offensive warfiure. 

In the mixed divisions the three arms mntnally support one another, and are so 
combined as to fiudlitate the simultaneous development of their destructive powers, 
which is the mode of development most suitable to the conditions of defence. 

By means of the reserves the power of each arm may be developed separately and 
the diiferent arms made to act successively, which in offensive operations is frequently 
preferable to their simultaneous employment. 

The proportion in which Marmont recommends that the three arms should be com- 
bined in the mixed divisions is, two batteries of foot artillery and seven or eight 
ip, I hundred cavalry to eight or ten thousand in&ntry. 

These proportions are applicable to the three-deep formation of infantry, in which 
the extent of the front of a division of 10,000 men is about 1950 yards. In the two- 
deep formation, even 8000 men is too great for the maximum limit of the strength of 
the infantry of the mixed division. A line of 8000 men formed two deep is upwards 
of 2800 yards in length, and assuming 1200 yards as the maximum effective range of 
€eld artillery, two batteries placed one on each flank of a line 2300 yards in length 
would afford a very feeble defence to the central parts of the intermediate space. 

Two batteries cannot afford an efficient defence to more than 6000 infantry formed 
two deep : this is at the rate of two guns to a thousand men, but in order to provide 
for the support of the cavalry and the formation of batteries of reserve, three guns to 
a tboosand men will be required if two batteries and 6000 men be fixed as the proper 
liniftii of the artillery and in&ntry in the composition of the mixed division.* 

Tht itrength of the cavalry reserve, Marmont says, should in no case exceed 6000 
m men, that number being sufficient to insure success in any enterprise which cavalry 
^ 1^ can reasonably attempt. 

Napoleon, he adds, in his last campaigns organized corps of cavalry composed of 
three divisions, and numbering at least 12,000 horses : this idea was monstrous, and 
incapable of any useful application on the field of battle. 

The annexed itates exhibit the application of the above principles to the details of 
the composition and organization of an army in which 48,000 infantry is assumed as 
the basis for the formation of the force. (See States, Numbers One and Two, given 
in the next page.) 

According to this view the mixed division is the elementary fraction in which the 
three arms are first intimately combined. 

An army is the unit or perfect whole, and is constituted by the combination of 
cavalry and artillery reserves, with a suitable number of mixed divisions. 

When the force placed under the command of a General exceeds 100,000 men, the 
cavalry, infantry, and artillery should not be united by the direct combination of their 
aggr^ate masses, but a multiple organization should be adopted by dividing the force 
into two or more bodies, called corps (TarnUe, each containing a proper proportion of 
cavalry, infantry, and artillery, and so organized as to constitute a distioct and inde- 
pendent army, capable of being employed either separately as an individual unit, or 
conjunctly as one of those composing the total of a compound body. 

• If the division be unavoidably formed in two lines, the artillery being only required for 
the defence of the front line, the strength of the infantry may bo doubled, that in to say, twM 
batteries will suffice for 12, 000. ~ Vide Appendix B. 

I^oU. — As every division of infantry Is divided into brigades, the most natural formation 
will have at least one brigade in reserve, or in a second hno.^£ditors. 
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8TAT1 HUXBER 05E. 

Composition of a Corps dPArm^ej 2 Ouns to 1000 Mm. 



Description of 
Force. 



Mixed Diriaions 



Caralry Reserves . 



Artillery Reserres . 



Total . . . 



I 

> 

o 



6 



Composition of one Diyiiion. 



o 
i 



8 



8 

o 

a 

I 

u 



6 



30 



Batteries of 6 Gons. 
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o 



I 



II 



Total Feroei 



48,000 



48,000 
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I 



a 
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96 
12 
30 
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STATE KUMBEB TWO. 

Composition of a Corps cTArmie, 3 (7arM to 1000 iVim (nearly). 



Description of 
Force. 



Mixed DivisionB . 



Total 



•I 



3 

o 



o 



8 



Cavalry Reserves . 2 

I 

Artillery Reserves . 



Composition of one Division. 
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8 
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OB 

a 
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Si 



4 
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Batteries of 6 Gnns. 



2 . 
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3 
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Total Forot. 
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1 

2 



. , 48,000 8200 



6000 



48,000 



9200 









144 



12 



30 



186 



CombinoUions of (he Th'ce Anns for the Defence of a Position. 
In circomstances where troops act wholly on the defensive (as for instance in the 
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defenoe of works), artillery and infantry are the only deaeriptionB of force which 
can aefe effectirely ; in inch circamstanoes, cayalry ia less reqoired. An army in the 
field, howerer, shonld always be prepared to repnlee the attack of an enemy, not 
merely by the Tigorous nee of those means by which an assanlt is repelled, bat also 
by the derelopment of all its offensiye resonroes, through the medium of a jndioioiis 
ooimter-attaek. 
\xt Jomini says, " A General who awaits the enemy like an automaton, withoat haying 
tso. formed any other design than that of fighting bravely, is inyariably forced to grre way 
whencTer he is properly attacked ; not so a Gkneral who awaits an attack with the 
firm reBofaition to combine great manoenrres against his adyersary, so as to regain the 
moral advantage given by the impulse of attack, and by the certainty of bringing his 
masses to bear on the most important point, — a certainty which in combinations 
amply defiansive can never be secured. 

"He indeed who awaits an attack in a well-chosen position where his movements 
are free, has the advantage of observing the approach of the enemy. His troops, 
properly arranged relatively to the ground and aided by batteries so placed as to act 
with the greatest effect, have it in their power to make their adversaries pay dearly 
for the ground that separates the two armies ; and if the assailants, already shaken by 
their serious losses, find that they are themselves attacked at the very moment when 
they imagined victory within their grasp, it is not probable that the advantage will 
remain on their side, for the moral effect of the offensive being in this way assumed 
by to adversary believed to be beaten is well calculated to stagger the mostr 
audacious." 

In aeoordanoe with these views, Jomini defines the objects of defence to be — "In 
the first place, by multiplying obstacles to impede the approach of an enemy, and 
afterwazds by the judicious management of strong reserves to be able at the decisive 
moment to act vigorously on the offensive at points where a feeble resistance is all 
that the enemy has been led to expect, and all that he Is prepared to contend with." 

It is obvious, that in conducting the defence of a position on these principles 
cavalry will be no less serviceable than the other arms. 

In the formation of an army for the purposes of defence, certain general dispositions, 
such as the arranging of the force in several successive lines, the order of formation 
of the troops on each alignment, and the relative positions of the cavalry, infantry, 
and artillery, are in a great measure independent of the nature of the position to be 
defended. The details of formation, such as the configuration of the lines of defence 
(whether straight, convex, concave, or irregular), the distance between the different 
lines, and the proportion of the total force which should be allotted to each, cannot 
be absolutely determined. These details depend principally on local circumstances, 
and require to be so arranged that the lines of formation may correspond with the lines 
of defence determined by the accidents of the ground to be occupied, and that a 
greater force may be provided for the defence of those x>oiDts where no natural 
obstacles exist, than for those where the ground is strong and the position difficult of 



The following outline of the method of arranging an army for the defence of a fixed 
position only embraces those points which are common to all defensive arrangements. 
It will be found consistent with the general practice of modern commanders and 
suitable to the conditions imposed on the development of the power of the three 
arms by the objects of Defensive Warfare. 
0^ The infantry is drawn up in four alignments. 

• See article ' Position.' 
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The troops on the first alignment are formed at open or skirmishing order; on the 
second they are in close order ; on the third, formed in columns of battalions at 
deploymg distance, supported by strong divisions, each consisting of one or more 
brigades formed in mass of battalion columns. 
Prdds do I'Art The skirmishers being always detached from tbe line in their rear are not reckoned 
chap. yiL art.Us. as a distinct corps ; although tberefore the development of the infantry is fourfold. 
Esprit des 7®* ^^ division is only threefold. The three fractions are respectively distingniBhed 

Institutions ^8 the first and second lines and the reserve. 
HI. chap. viii. The cavalry is drawn up in rear or on the flank of the infantry. 

The squadrons of the mixed divisions are distributed along the rear of the second 
line of infantry, immediately behind the divisions to which they are attached, ont of 
cannon-shot. 

The cavalry reserves may be formed in 6chellon on the flanks of the army, or they 
may be posted in rear of the second line of infantry, so as to support some particular 
part of the position where the ground is favourable for the action of cavalry. 

The artillery attached to the mixed divisions, reinforced by a portion of the heavy 
batteries of the reserve, should be so placed as to flank the deployed Une of infantry 
in the same way as the bastions of a fortification flank the intermediate curtains.* 

By this arrangement a cross fire of artillery will co-operate with a direct fire of 
musketiy to defend every point of the position, and to oppose the approach of an 
attacking force. The horse batteries, f and the remainder of the heavy batteries of 
ihe artillery reserve, are formed in columns on the flank, or in the rear of the infisntry 
reserves. 

When an army thus arrayed for defence is attacked by an enemy, the first resistance 
is offered by the skirmishers detached from the first line. Extended in front of the 
position, supported by squadrons of light cavalry, and, where possible, protected by 
natural obstacles, these troops by a fire of musketry vigorously oppose the doud of 
light troops thrown forward by the enemy to cover the deployment of his columns. 
As soon as the enemy approaches within cannon-shot, the artillery by which the 
position is defended opens its fire, first co-operating with the effects of the light troops 
in retarding the establishment of the hostile batteries, and afterwards endeayouring 
to silence their fire and dismount theu* guns. 

When the light troops of the defenders have been driven in, should the enemy push 
forward masses of infantry, the fire of the infantry and guns occupying that part of 
the position which is assailed are concentrated on these troops, it 

If the advancing masses are not checked by this concentrated fire, a bold chaige of 
the opposiog line often strikes them with dismay, arrests their progress, and drives 
them back in confusion. 

* Artillery in an order of battle Is placed at the salients, and at those points where the 
XKMsition is weakest, cither from those points being easy of access, or from the smaUness of the 
force defending them. It ought to be placed so as to enfilade the diCFerent roads, communi- 
cations, ravines, and outlets of valleys by which the enemy can present themsolvee ; above 
all, it is necessary that it should be able to play upon the foot of the hefghta upon which It is 
established : eight feet in one hundred is the maximum of inclination of those slopes which 
offer an advantage ms position for a battery.— Lais}ur» Aide-Mimoire^ chap. xii. sect. 1. 

t At least one-half of the horse artillery should bo kept in mass with the reserve, in order 
to be rapidly moved to any point where it may bo wanted.— /omnu', PrM* dt CArt de la Gaerre, 
vol. ii. p. 274 : see also VE4prit des Institutions Jfilitaires, part iii. chap. 1. 

X It ought never to be forgotten, that hi action the principal office of every species of artil- 
lery is to crush the troops of the enemy, and not to reply to his batteries ; nevertheless, it Is 
well not to leave the enemy's batteries entirely unmolested : a third part of the disposable 
gruns may, therefore, be employed to annoy the enemy's artillery, but at least two-thirds must 
be constantiy employed against the infantry and cavahy. 
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If, instead of infantry, masses of cayahy be employed to force a position, the 
infimtry defiending it form battalion squares, the ammunition waggons and limbers 
are withdrawn, and the guns distributed in half-batteries or sections between the 
squares, within which at the moment of attack the gunners take refuge. 

If the enemy fail in breaking the squares, the cayalry in rear of the diyision 
attacked instantly charges and gradually succeeds in driying back the assailing 
squadrons. The attacks of the French cavalry were in this way repeatedly repulsed 
by the Austrians at Aspem (or Essling), and by the British at Waterloo. 

The first efforts of an attacking force are invariably resisted by the skirmishers and 
first line of the force attacked, in the manner above described. 

Should the enemy be successful in overcoming the resistance of the first line, the 
■une uniformity of practice does not exist with* regard to the method of employing 
the second line and reserves in resisting his further progress. Sometimes, after the 
rapnlse of the first line we find the second line deploying, assuming a new line of 
defienoe, and defending it precisely on the same principles as the first line was 
defSended : meanwhile the reserves manoeuvre so as to be ready in case of a second 
disMter to deploy in a third position, and to endeavour to maintain it by a third 
repetition of the original system of defence. Sometimes, on the other hand, as soon 
m the enemy> plan of attack is fully developed, or at all events as soon as it becomes 
evident that the first line will not be able to maintain its ground, we find the second 
line^ In co-operation with the cavalry reserves, assuming the offensive, and endeavour- 
ing by the eombination of skilful manoeiuvres with a bold counter-attack to drive back 
aitd overthrow any portion of the hostile force which may either have succeeded in 
penetrating the first line, or which may have compromised itself in making the 
attempt. 

The advantages of the latter system have already been indicated, and some further 
ofaaervations will be found in the next section, tending to show, that if the second line 
amply attempt to maintain its position, it runs a great risk of being involved in the 
defeat of the fiist^ whereas, if it boldly attack the enemy before his troops have time 
to recover from the disorder occasioned by their struggle with the first line, it is 
highly probable that the effort will be successful, and will result in the complete 
repulse of the enemy's force. 

Nevertheless, it must be admitted that there are cases where the opposite system 
may be adopted with advantage, and that good troops arrayed in a series of defensive 
lines may maintain themselves in a strong country against very superior numbers, 
whereas by attempting to operate offensively they would in such circumstances incur 
a great risk of involving themselves in a contest, which, in cose of the issue being 
im&voarable^ would result in their total ruin. 

Bear^guards, when attacked, are usually obliged to conduct their defence on this 
system, to avoid the risk of more than one line being forced by a single effort : the 
distance between the lines should be considerable ; the line in the rear should be 
supported by artillery, and the defence of the first line should be abandoned in time 
to prevent the troops being broken and overwhelmed by contact with the superior 
mssipw of the enemy. 

ComlnncUion$ of the Three Arms for the Attach of a Position. 

The following observations respecting combinations for attack arc extracted from 
the 4th chapter of Jomini's * Precis de TArt de la Guerre :' 

''The essential object of an offensive battle being to dislodge the enemy from his 
position, and above all to throw him into the utmost possible disorder, the employ- 
ment of physical force must usually be relied on as the most efficacious means for 
arriving at these results. Nevertheless, it sometimes happens that the hazard of 
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trusting solely to the employment of force is so great, that suocess may be more easily 
obtained by means of manoenvres calcolated to outflank the wing of the enemy's 
army which is nearest his line of retreat." 

Of these two means of attack, being the employment of physical force, and the 
employment of outflanking manceayres,* the former is that which is the intermediate 
object of the present inrestigation. Concerning it, Jomini delirers the foUowing 

"It is difficult to determine, in an absolute manner, which method is the best that 
can be employed to force an enemy's line to quit its position. Any order of battle or 
of formation which should succeed in combining the advantages of fire with those of 
the impulse of attack, and of the moral effect it produces, would be a perfect order. 
Lines and columns, skilfully mingled, and acting alternately as circnmstanoes and 
opportunities rary, will always be a good system." 

In the following passage, Jomini first describes the method of combining artillery, 
cavalry, and infantry, in attacking the first line of an enemy ; he then discusaea the 
value of success in the first shock, with reference to the manner in which such snooesB 
affects the ability of each of the contending armies to renew the struggle, and to the 
influence which it exerdses on the final event of the engagement 

« The diffiorent means that must be used to carry a position, that is to say, to break 
the enemy's line, and to compel it to retreat, are, first, to shake the line by a superier 
fire of artillery, then to produce in it a certain degree of disorder by a well-timed 
charge of cavalry, and finally to direct on the line, thus shaken and disordered^ masses 
of infantry, preceded by skirmishers, and flanked by a few squadrons of cavalry : even, 
however, taking it for granted that a combined attack of this sort will be saooeHfo] 
against the enemy*s first line, there still remains to be beaten the second line, and 
after it, the reserve. At this point the difficulties of the attack would, therefore, have 
only become more serious than before, were it not that the moral effect of the defeat 
of the first line frequently leads to the retreat of the second, and causes the Oeneral 
of the army attacked completely to lose his presence of mind. 

'* Yet it is evident, that in spite of their success, the troops of the first line of the 
assailants must also be somewhat disorganized, and that it will frequently be Tery 
difficult to replace them by those of the second line ; not merely because the troops 
of the second line do not always follow the movements of tbe operating masses after 
they arrive within the range of musketry, but more especially because it is always 
hazardous to replace one divison by another in the midst of a battle, and at the instant 
when the enemy should make the most powerful efforts to resist the attack. 

'* There is, then, every reason to believe, that if the General and the troops of the 
force attacked did their duty, retained their presence of mind, and were not menaced 
on their flanks and line of retreat, the advantage of the second shock would be 
almost always on their side. But, in order to secure this result, it is absolutely 
essential to recognise by a rapid and decisive glance the precise instant when it 
becomes expedient to precipitate the second line and cavalry reserves upon the 
victorious battalions of the enemy. Even the loss of a few minutes may become 
irreparable, for the risk is incurred of the second line being involved in the defeat of 
the first, and hurried away with it in its flight. 

" The following truth res];)ecting the conduct of an attack results from the pre- 
ceding observations : — 

** The most difficulty but at the same time the most certain, moans of success is, to 
support efficiently the line first engaged by the troops of the second line, and these 



♦ The battle of Vittoria is u good example.— ^di^OTrf. 
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hj the reaerre^ at the nine time c&refally calculating the employment of the caralry 
and artiUeiy reeerreB, so that the decisiye straggle with the second line of the enemy 
may be aided hj their co-operation. 

" This is the greatest of all the problems connected with the tactics of battles. 

"It is in the resolution of this important problem that theory becomes nncertain 
and difficult in its application, because it here finds itself unequal to the emergency, 
and must always remain inferior to the spontaneous suggestions of a genius naturally 
warlike^ or the instincts of an eye habituated by the practice of command to surrey 
the iormoil of battle with a calm, intrepid, penetrating glance. To devise means at 
the dednre crisis of an engagement for the employment of a force composed of all 
the arms combined in the greatest possible numbers (exdusiye of a very small reserve 
of each aim, which should always be kept on hand), is then the problem to the reso- 
lution of which every skilful General will apply himself, and according to the condi- 
tions of which he will regulate the movements and combinations of the forces under 
his eommand. 

"Most commonly the decisive crisis of an engagement is the moment when the 
fint line of one of the contending armies is broken, and when the utmost efforts of 
both are exerted — on the one side, in order to complete the victory ; on the other, in 
Oder to snatch it from the enemy. 

"It is unnecessary to say that a simultaneous attack on the enemy's flank will 
have a moat powerful influence in rendering the decisive blow more certain and 
efieetuaL*' 

The following sketch of the formation of an army for an attack, and of the manner 
of conducting it, is, with some alterations and abridgments, translated from Giusti' 
aiani's ' Bssai sur la Tactique des trois Armes.* 

When an army approaches the position which it is intended to assail, and, as the 
gnmnd opens, the distance between the columns of route is diminished, and the 
hfeadth of their fronts is gradually enlarged. 

When the advanced guards begin to feel the enemy's piquets, an order of manoeuvre 
is assumed, 1^ subdividing the columns of route, first into columns of divisions, and 
then into columns of brigades, between the heads of which, intervals sufficient for 
deployment are preserved. 

Within three-quarters of a mile or a mile of the enemy the formation of attack is 
developed.* Bands of skirmishers, supi)orted by the cavalry and artillery attached 
to the divisions, are thrown out. Covered by the fire of the skirmishers and guns, 
^^^ the masses of columns halt and deploy into line of contiguous columns, which are 
formed either simultaneously or successively on a doable alignment ; the reserve 
takes its station 1000 or 1200 yards in rear of the second line. 

When the enemy's skirmishers have been driven back to a sufficient distance, the 
batteries advance and are established as close as x>ossible to the hostile line. The 
infiuitry follows, and the cavalry attached to the divisions retires and takes post in rear. 

The enemy's position is now vigorously cannonaded in its whole extent : such 
battalbns of the front line as are much exposed to the projectiles of the enemy 
deploy, and wherever it is practicable to get within range, a fire of musketry is 
opened on the hostile line. 

These general demonstrations, when judiciously conducted, by pressing the 
enemy on several different points, are calculated to distract his attention, and 



• A column of 30,000 infantry marching on a sinfflo road, with full distance between ita 
Mctiona, occupies about 8700 yards. From two hours to two hours and forty minutes will l)c 
required to enable this force to deploy on a double alignment, one-half of the force to the 
ri^^t, and the other to the left of the road. 
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to gire a wrong direction to the moyements of hiB rcBerres. Heanwhile, preparatMBB 

are made for a dednve effort : for this purpose a fitroozable point is sdeetod ob 

dela'c^ ^'^^ which the fire of the artillery reaerre is suddenly concentrated ; under oorer of this 

chap. tU. art 4C. fire, arrangements are made to precipitate an orerwhelming force on the treopt hj 

which it is defended. 

This force shoold consist both of cavalry and infuitry. 

The order for it to adTanoe should not be glren nntil the enemy^s line alievB 
symptoms of being shaken by the cannonade. 

At length it is peroeired that its fire begins to slacken, or perhaps some indications 
are obaenred of an intention to effect a change of position. 

This is the critical moment to command a charge. 

According to drcumstances, either the caralry or infantry may lead. When the 
cavalry leads, the charge is executed in several successive lines. 

If the troops attacked have not time to form squares, or if the squares give way, 
not only will the position be carried by this method of attack, but the infantry 
defending it will be ridden down and destroyed. 

Columns of infantry formed at deploying distance should follow the cavalry. 

According to circumstances, these columns may either continue their advance^ 
deploy ^n the position they have won, or, if to save his broken infiemtry, the enemy 
bring forward his reserves of cavalry, they must form square so as to enable the 
squadrons dispersed in pursuit to be collected and re-formed in their rear. 

Should it be determined to employ infantry to carry a position, a line of battalioB 
columns, connected by skirmishers filling the intervals, is the formation which seems 
Vide Appendix ^ combine the greatest number of advantages. 

The cavalry deployed on the flank of the line of columna is ready to repulse any 
attack of the enemy's cavalry. 

If on the near approach of the attacking columns the troops defending the poeitaon 
give way, the cavalry must endeavour to cut off their retreat, and effect their 
destruction by a charge. If this cannot be effected, the infantry columns will halt, 
the guns and second line will move forward to their support,* and preparations will 
be made either for maintaining the ground that has been gained, or for a further 
advance, as circumstances may require. 

The general views contained in the following extract from LaiBn^'s ' Aide-M6moire 
Portatif ' will serve to connect together the preceding sections, and to conclude the 
subject of Attack and Defence. 

''AH the combinations for the conduct of an army in a battle may be reduced 
to three systems. 

''The first system, which ia purely defensive, consists in awaiting the attack of an 
enemy in a strong position, without any other design than that of maintaining 
possession of the ground. 

"The second, on the contraiy, which is entirely offensive, consists in marching to 
attack the enemy wherever an enemy can be found. 

"The third is a middle term between the two others ; it consists iu choosing an 
advantageous field of battle, awaiting the attack of the enemy, and seizing during the 
combat a favourable opportunity to assume the initiative. 

" It is only the two last systems which can be advantageously adopted. 

" Regarding the application of these two, the following rules may be laid down as 
generally, though not absolutely and invariably, true : — 

♦ In conducting an attack, core must be taken not to cfmpromteo tho foot artillery. It may 
be placed so as to afford efficient support to the troops without foUowing too cloBoly tbo 
attacking columns.— /mm t, Precis de VArt dt la QuerrCy chap. vii. art 46. 
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"1. With troops aocnstomed to war and in an open country, it is always most 
adrantageons to assume the initiative, and to act on a system pnrely offensiye. 

"2. la a difficult country, with well-disciplined and obedient troops, it is perhaps 
most advantBgeous to await the attack of the enemy in a good position preriously 
selected, and not to assume the offensive until the enemy's troops hare by their first 
efforts^ to a certain extent, exhausted their strength. 

" 3. The strategical position of the two parties may render it indispensable for one 
of them to attack by main force the position of his adversary, without any reference 
to local considerations ; for example, this may be necessary, to prevent the junction of 
two corps, to fiUl upon a detached portion of an army, or to overwhelm an isolated 
corps on the further bank of a river." 

ComhincUioM of the Three Arms in the MovemetUs of Armies, 

The general principle for the regulation of these combinations is laid down in 
Ginstiniani*s Ninth General Rule — 

«In manceuvres and march manoeuvres, in order to facilitate the simultaneous 
movements of the three arms, it is necessary carefully to avoid obliging any one of 
them to adopt the rate of march peculiar to the others.*' 

In route-marching on a high road the infantry march at the head of the column, 
next come the aitillery and baggage, and the cavalry bring up the rear ; the hours of 
oommencing the march are so regulated that considerable intervals may separate 
eadi species of force. 

When manoeuvring in presence of an enemy, the three arms should not be mingled 
in the same column, but each arm should move on the point where it is to form in a 
Mparate column ; the cavalry generally being in the flanks, the infantry in the centre, 
and the artillery between the cavalry and infantry, and also, when the in&ntry 
columns are numerous, in the intervals between the columns. 

When cavalry manoeuvres in front of infantry, the infantry ought to be formed in 
battalion columns at deploymg distance. If the cavalry be beaten, the broken 
squadrons retire through the intervals of the columns which form square, and oppose 
by their fire .the pursuit of the enemy's cavalry. 

When, on the other hand, infantry manoeuvres in front of cavalry, the cavalry 
ought to deploy in their rear, ready to cover by a charge the retreat of the infemtry. 

In the movements of Hues, whether executed by the fractions moving alternately in 
chequer or successively in Echelon, the artillery is so distributed as to fire by alter- 
nate divisions. The cavalry is kept in readiness to debouch either by the flanks of the 
line or by the intervals between the fractions of which its formation is composed. 

The retreat of a line retiring by alternate or successive fractions is greatly 
fimlitated by a sudden and judicious display of cavalry. 

"In all offensive movements, and especially in the passage of lines to the fronty 
the artillery supported by cavalry precedes the infantry, and covers the movement 
"hj the formation of batteries in a lateral and advanced position, so as to bring 
a cross fire to bear on the enemy. 

" If, on the other hand, it is required to effect the passage of lines in retreat, a 
portion of the artillery is placed in a good position in rear, — the remainder continues 
its fire until the first line of troops begins to retreat, and then follows the movement. 
The cavalry is kept in readiness to check the pursuit by a charge." 

In changing the direction of a line, a strong battery is first established on the 
pivot flank. 

When the change of direction is to the front, the cavalry takes post on the outer 
flank, and follows the movement. When the change is to the rear, the cavalry 
isasks and covers the movement by deploying on the old alignment. 

VOL. III. 8 s 
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CONCLUSIOir. 

A sketch has now been giren of the principles which ought to regulate the 
combinations of the three artns. It cannot be doubted that the proper application 
of these principles exercises a Very important inflaence on the result of battles. 

But however highly this influence may be estimated, it must be admitted that 
there is much truth and force in the following remark of Jomini : — 

'* Victory does not always depend on the superiority of the arm employed, bat 
equally on a thouBand other circumstances. The courage of the soldiers, the 
presence of mind of the general, a well-timed manoeuyre, cold, heat, rain, and even 
mud, have all contributed to reverses and successes. Let us then, conclude, as a 
general wn^^im^ that a brave man, whetfier on foot or on horseback, should always be 
able to get the better of a coward.'* 

APPENDIX A. 

Formations f(n' Attack, 

1. Cavairj. — The formations whid& are most suitable for the execution of charges 
against cavalry, infantry, and artillery, are explained in the article 'MaDoeuvres of 
Cavalry.* 

2. Infantry. — In arranging a mass of infantry for the attack of a poaiiion, one or 
other of these four systems of formation must necessarily be adopted : 

1. It may be formed in a line consisting of two or three ranks. 

2. In a line of battalion columns. 

3. In a mass of columns. 

4. In a line partly deployed and partly in column. 

Concerning the first of these three systems, Jomini writes : — ** Is it possible to 
conduct the march of an immense line, consisting of battalions deployed and firing 
as they march ? I believe that it is not. To set in motion, with the view of oanTing 
a well-d^iended position, twenty or thirty battalions formed in line, and keeping up 
a fire either by files or by divisions, is to reaolve to arrive at the position in disorder, 
like a flock of sheep, or rather it is to resolve not to arrive there at alL" 

Concerning the third system, he says, '* This is certainly the formation which is 
least suitable for leading troops against an enemy. We have seen in the last wars 
divisions of twelve battalions deployed and heaped on one another, fonaing a mass of 
thirty-six crowded ranks. Such masses are expoeed to the ravages of artillery, — th^ 
impede freedom of movement and the communication of a forward impulse, withoit 
contributing anything to stability and strength. The adoption of this fonnation was 
one of the causes of the fiulare of the French at Waterloo ; and if KaodoBald*s coluBn 
succeeded better at Wagram, it paid dearly for its success ; nor is it probable that 
this column would have extricated itself victoriously from the situattOBi in which at 
one time it was placed, had it not been for the favourable issue of the attack oC 
Davoust and Ondinot on the left of the Archduke.'' 

The second and fourth systems are both spoken of with approbation by JominL 

He says, ** Of all the experiments which I have seen to ascertain the beat formatian 

for leading infiuitry against an enemy, that which seemed to me to suooeed the best 

was the march of twenty-four battalions in two lines of battalion columns formed at 

deploying distance. The first line advanced at the qui<^ step, and, on arriving within 

twice the range of musketry, deployed in double time. The light companies of each 

ti a tt a li on extended to cover the formation ; when it was completed, the other eoss- 

'm eonun^eed fi!e>firing. The second line followed the first, and the oolwans 

lag it| passing through the intervals left by the light compAnies, threw them- 

1 fkm easMy, It is tme that this was not dene in preaenoe of a real ensMyi 
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bttt it seemed to me impoflsible that anything could have resisted the doable effect 
ai the fire of the line and the impalse of the columns.** 

The coliimnB considered by Jomini most eligible for the purposes of attack are 
eolumns of grand divisions formed on the two centre companies of battalions, con- 
Bstiag of ei^t companies, each of three ranks ; this gives a depth of twelve nwks to 
the column : ten ranks will be the depth of a column similarly formed by a battalion 
of ten oompanieii each consisting of a double rank. 

APPENDIX B. 

On the DistrihuHon of Troops formed on a dovble Alignment, 

1. Cavalry. — All tacticians agree in thinking that when cavalry is formed on 
several alignments, the general officer who commands any portion of the front line 
must also command the corresponding portions of the lines in its rear. 

Jomini says, ** In deploying a division of two brigades it would be wrong to place 
one lurigade in the front line and the other in its rear ; the proper arrangement would 
he to place one regiment of each brigade in the front line, and the other regiment in 
the second : thus each unit of the line would have its own reserve immediately in its 
rear, an advantage which is by no means to be undervalued, for in cavalry charges 
events succeed one another so rapidly that it is impossible for a general officer to be 
master of two regiments deployed.** 

2. Ii^antry, — It is a disputed point whether it is better to deploy a division of 
infimtry on a single alignment, or to deploy one-half on the first line and one-half 
immediately in its rear on the second. The advantages of deploying each division on 
a single alignment are— 

(1.) Changes may be made in the disposition of one of the lines, and portions of it 
may be removed from one flank to the other without reference to the disposition of 
the other line, and without destroying the unity of a division by separating its halves. 

(2.) In effecting the deployment of a column composed of several divisions, the first 
line will be fbnned more quickly if all the battalions composing the divisions at the 
head ot the odumn deploy on the same aligiunent, than if the first and second lines 
be formed simultaneously by the divisions successively deploying one-half on the first 
and one-half on the second alignment. 

The advantages of deploying a division on a double alignment, and pladng one-half 
in rear of the other, are — 

(I.) The troops in front and those in rear being commanded by the same individual, 
those in front will be more promptly and effectively supported than if the officer 
eommanding the first line had no command over the troops in his rear. This 
advantage is oonsidered by Karmont as conclusive. 

(8.) The whole of the divisional artillery may be placed in battery in the front line 
witfaont any part of it being separated from the division to which it is attached. 

Giostiniani, who discusses this question very fully, thus sums up the argument : — 

Both methods may be good, and on any particular occasion the circomstanoes of the 
ease must determine which is to be preferred. For example, in an open level country, 
where a contiguous line of battle must be formed, the whole of a division should be 
deployed on a single line ; in a hilly, woody, broken country, on the contrary, where 
the line of battle must be formed of detached parts, it may frequentiy be preferable 
to fi>rm a division in a double line, for it must be admitted that it is impossible to 
exercise an effective superintendence over a great extent of front broken by the 
accidents of ground^ such as ravines, ditches, woods, &c.*' 

A. ROBXRTSOV. 

ss 2 
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TAMBOUR.* — A tanibwry as its name imports, especially relates to tKe protec- 
tion of gateways or other means of access to works ; and althongb this dcBcription of 
defenfflye work is more generally considered in the character of a temporary expe- 
dient (and is included by French writers as a * r^olt en charpente*) than as forming 
a part of permanent construction, it Ik so applicable in retrenching the places of anna 
of a covert- way, for covering the pas de sonris, and descent into the ditch of a fortren^ 
and in detached lonettes, as well as in covering the entrance of small forts, when a 
tenaille or ravelin could not be adopted, that there appears no reason why on soeh 
occasions the line of cover should not be a brick wall instead of a stockade. 

The tambour figure has sometimes been a segment aflfording a oonvei^^ng fire ; but 
it is much better to give it an angular form, cutting off i>ortions of the angles abont 
six feet on each side, if it be desired to obtain direct fire on their capitals. The best 
figure for a tambour is that of two faces and flanks, returned also to the gorge if 
necessary. Generally, the faces should be at least 80 feet long, and the flanks 20 to 
25 feet. 

The exterior should, if possible, be flanked firom some part of the principal or a 
collateral work ; and with a pointed ditch in front ; or surrounded by a row of short 
palisades, to check an enemy under the fire from the tambour. 

Tambours en charpente are constructed of squared or sided timbers placed close to 
each other, planted vertically about 3 or 4 feet in the ground, and rising about 
8 feet above it. The scantling should be 7 inches thick, if of oak or hardwood, 
and about 10 inches thick, if of fir. The stockade thus formed is pierced by two rows 
or tiers of crenels, or common narrow-mouthed loopholes, the height of which will 
depend upon the desired line of fire ; but, as a tambour is of low relief or profile^ not 
intended for command, the lower row of loopholes may be about 3 feet, and the upper 
tier 4 feet 4 inches above ground, with intervals of 8| or 4 feet, — the upper crenel 
being over the centre of the lower interval. 

It is desirable that the interior line of tambour should be covered by a blindage 
sufficiently strong to resist the effect of grenades, thus forming a gallery about 6 feet 
wide, the roof being supported on a row of inner columns. This or some leas sub- 
stantial shed-roof is especially desirable for all stockades or advanced musketry 
retrenchments in countries subject to heavy falls of snow, so that the banquette may 
be always in a state to be manned by infantry. 

Although tambours are usually made of timber, it may be advantageous in some 
eases to adopt more permanent construction for this description of small defensive 
post; and then a crenelled wall of brickwork, with a groined corridor, having a 
ridge or batardeau-like top, will be preferable to a temporary construction. 

A permanent tambour, to serve also as a guard-house to a re-entering place of 
arms, was constructed in the covert-way of Quebec citadel, on the suggestion of the 
Inspector-General of Fortifications in 1842 ; and tambours of temporary construction 
were recommended by the Duke of Wellington, in front of the gateways of barracks 
inlreland, inl843.-.E. F. 

TELEGRAPH, ELECTRIC- See « Voltaic Elbcteioitt/ 
TELEGRAPH, FIELD.f — "The telegraphs were composed of a mast and 



* By tho late Major-Gcncral Fansbawe, R.E. 

t From 'Memoranda relative to the liiuca thrown up to covci' Lisbon iu ISIO.' By Mi^or- 
Gcnoral Sir John Jonoa, Bart., K.C.B. & R.E. 
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yard, from which latter balls* were sasponded : the yocabolary used was that of the 
Kavy, many Bentences and short expressions peculiar to the Land Service being 
added. These telegraphs readily communicated with each other at the distance of 
aevtn or eight miles ; but in consequence of the ranges of hills interrupting the view, 
it required fire principal stations to communicate along the front line/'— (iS^e article 
'Fortifieation, Field,* vol. ii. p. 29.) 
!Fhe telegraphs were worked by a party of seamen* 



Pig.i. 



Fig. 2. 





TELEGRAPH, UNIVERSAL.f 

Oenend I>e3cnption of the Universal Telegraph, 

Por the dfty signals, the telegraph consbts of an upright post of moderate height, 
of two moreable arms fixed on the same pirot near the top of it, and of a mark, 
eiUed the indicator, on one side of it. (See Plate L fig. 1.) 

Bach arm can exhibit the seven positions 1, 2, 8, 4, 5, 6, and 7, exclusive of its 
^ieseent position, called ' the stop,' in which it points vertically downwards, and is 
dbscored by the post. Fig. 1 also represents the telegraph exhibiting the sign 17, 
the other positionB of which the arms are capable being dotted. The indicator merely 
aerres to distinguish the low numbers, 1, 2, and 3, from the high numbers, 7, 6, and 
5, so that this telegraph is not, like most others that have been proposed, liable to 
ftmbignity or error when viewed from different points in contrary directions. :«I 

The use of the indicator will appear more evident, on considering the resemblance 
between the small Boman letters b and d, or p and q, which, if viewed in contrary 
directions, like telegraphic signs, could never be distinguished one from the other, 
without some additional mark. 

Fig. 2, Plate I., represents the telegraph fitted up for making nocturnal signals. 
One lantern, called the central light, is fixed to the same pivot upon which the 
Arms move. Two other lanterns are attached to the extremities of the arms. A 
iborth lantern, used as an indicator, is fixed on the same horizontal level with the 



* Balls comitructod of wicker or basket-work arc frequently iiscd, and at a little (luitonco 
appetr solid ; bence they may bo made by Sappers, in the manner of gabioius or hurdles. See 
ligs 1 and 2.—SdUor$. 

t 37 the late lieut. -General Sir Charles Pasley, K.C.D., F.R.S., & R.E. 

I The idea of the indicator, which was not a part of my orij^al plan, but without which I 
«m now of opinion that no telegraph ia perfect, suggested itself in consequence of a remark 
made by my friend Captain John Tailour, of the Royal Navy, who informed me that he had 
ttcperienoed tho greatest inconvenience in using Sir Home Popham's ship semaphores, firom 
the signal-men oonXounding the positions of the arms when seen in reverse. =C. P. 
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contral ligbt, at a dbtftnoe from it equal to twice the length of one arm, and in i^ 
same plane nearly in which the arms rerolve. Hence the whole apparatus connsit of 
two fixed and of two moveable lights, four in all. 

The number of telegraphic signs, combinations, or changes which this telegrapih is 
capable of exhibiting are only twenty-eight, but these are amply sufficient for tenrj 
pnrpose of telegraphic communication, whether by the alphabetical mtthod, or in 
reference to a Telegraphic Dictionary of words and sentences. These signs are 
represented in Plate II. in a doable column, shewing the appearance of the same 
combinations, both by day and night. 

In some few of the nocturnal signs, it will be obserred that one of the lights is 
marked black. This only happens when one of the moveable lanterns is supposed to 
be in its quiescent position, hanging vertically down below the centre light. In this 
case, as the lantern may be exhibited on either side of the post, it may sometimes be 
seen and sometimes not by the distant observer.* At first I proposed to interpose a 
couple of screens, one on each side of the post, to hide the lanterns altogether, when 
in this position. Afterwards that idea was abandoned, it having been found in 
practice that it made no difference, in regard to the clearness of the signs alluded to, 
whether the moveable lanterns were seen or obscured when in the position denoted by 
the black circles. 

The indicator, both by day and night, being merely a mark and nothing more, 
which, when once seen, requires no further attention to be paid to it, — and the central 
light by night and the post by day being also merely guides to the eye, — the signs of 
this telegraph are, in reality, composed of the combinations of two moveable bodies 
only by day and of two moveable lights only by night> being the smallest number of 
parts with which an efficient telegraph can possibly be formed : and in this ^minu- 
tion of the number of combinable parts, as well as in the unity of plan, consists the 
superior simplicity of this telegraph, as compared with other efficient telegraphs that 
have been proposed. 

The Mechanical Conttrudum of the Universal Telegraph, (Plate I. figs. 3 and i.) 
The arms and the indicator for the day signals are made of wood, finuned and 
panelled, for the sake of lightness, f The indicator plays in a mortise cut in the 
upper part of the po8t> and is let down into its horizontal and raised into its vertical 
position by means of a small rope and a small pulley. The amos must be fixed 
externally, one on each side of the post, and must be exactly counterpoised by means 
of light frames of open ironwork, which become invisible by day at a little distawes, 

* A great difficulty is hitherto said to have attended the night signals in the Royal Navy, in 
consoquenco of the embarrasshig circumstances of one or more of the lights exhibited being 
liable to be extingiiLshed by eddy winds thrown off from the leaches of the saiUi in stonny 
weather. 

Admitting that this difficulty should prove insuperable, upon which point I shall not pre* 
Bume to decide, a question arises as to the best and simplest mode of guarding against mistakes 
arising fh)m this cause, which in general signals, relating to manccuvres, might lead to implea- 
sant, if not to pernicious, consequences. An effectual remedy for this evil (in fact I see no 
other) is to make a rule of never exhibiting any sign with fewer than four lights. This being 
imderstood, if the signol-msn who receive a message should at any time observe fewer lights 
than four, they will know that an accident has occurred in consequence of the wind, and they 
win therefore take no notice of the apparent sign displa^'ed until the complete number of toot 
lights again appears. 

This arrangement can be adopted In regard to the nocturnal telegraph by exhibiting the 
quiescent light always in front of the post when two ships only are telegraphing to each 
other, but a little to one side of it in telegraphing both to the front and the reu* ; also by 
disusing the sign called ' the stop,' in which two or three lights only appear, and exhiUttiif 
one of the preparativt* always in lieu of it 

t In a very hot climate plates of light copper may be used for the panels. 
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and which, erem when viewed closely, do not impair the clearness of the telegraphic 
signs. This precaution is absolutely necessary, otherwise the arms will not remain 
in any given position without being held by the hand or stopped by some mechanical 
contriTanoe^ which would be a very great inconrenienoe in the practice of signal- 
making* 

Motion may be communicated to the telegraphic arms by means of an endless chain 
pining round and acting upon a couple of pulleys, one of which is fixed to the arm 
itself, and tuns upon the same pivot, whilst the other mores upon a pivot fixed to 
the lower part of the post. The chain consists alternately of single and double plates 
of an oblong form, and riveted together at the ends on the principle of a watch-chain. 
The two pulleys at top and bottom . being finished with great care, perfectly equal, 
and having projecting teeth or studs fixed in a groove in each to engage the double 
or open parts of the chain, the telegraphic arm above will always follow to a hair's 
breadth the movements of an index or lever below, attached to the lower pulley, 
which has a dial-plate oj^posite to it» marked on the post, for the guidance of the 
operative signal-man.* 

In the field, or on board ship, a leathern strap or a rope may be substitoted in lieu 
of the chain, for the sake of economy ; but as these expedients are incapable of the 
same aocuracy as the former, the signal-men, in working by them, must not trust to 
the indices, but must regulate the positions of the arms chiefly by the eye. The 
surface of the pulleys, when intended for a strap, must be moderately convex, those 
for the rope moderately concave, and both should be broader than when a chain is to 
be used. The leathern strap requires an extra pulley of a smaller size for pressing in 
one side and tightenbg it when the telegraph is to be used. This pulley is fixed to 
a small lever attached to the middle of the post, and is thrown into action by a 
string. 

When a rope is used, three turns of it are taken round each pulley, hauling it taut 
at the same time, after which the two ends, being previously prepared with thimbles, 
or eye-spliees^ are brought towards each other and made fast by a lanyard, or smaller 
rope, paanng through the eye8.t 

When the strap or rope is used, the lower pulley, instead of having one short 
lever only, eerving as an index, may have four such levers, so as to resemble a small 
windlass. 

At the end of each arm two light pieces of iron meet in an angle of 45 degrees, 
forming an open triangle, to the vertex of which the moveable lantern (L) is attached 
by means of a pin. A cylindrical weight (W) must be fixed at the same time to the 
end of the iron oounteri>oise to restore the proper equilibrium of the arms, which is 
of course deranged by the addition of the lantern (see figs. 8 and i)»t -^s ^^® lantemi 

* The chain is first poiuMxi loo«ely round both pulleys, after which the pivot of the lower 
pulley is acted upon by a couple of screws to force it down n small vertical groove in the poet, 
by which means the chain is tightened and rendered fit for use. I had a telegraph constructed 
in this manner at Chatham in 1817, by Mr. Robert Howe, Clerk of Works in the Royal 
Engineer Department, of which a model was sent to the Secretary' of the Admiralty in 1818. 

The above method of moving telegraphic arms by means of the lever and chain is much 
mora expeditious, and also simpler in point of workmanship, than the winch and wheel-work 
•nd endless screw-rods originally adopted for the same purpose in the Admiralty semaphores. 
In fiust, in moving the arm Arom one position to another the chain will work at least four times 
quicker than the winch. 

* t This contrivance was used for working the Admiralty ship semaphoree. Its great sim- 
plkdty recommends it for the sea service, although in other respects not the most convenient 
method. 

t By this arrangement of the ironwork which supports the lanterns, they always hang 
deer of It in the regular positions, and the iron couutexpoises are made so much shorter than 



624 TELEGRAPH, UNIVERSAL. 

and weights, and, ia short, ^very addition necessary for exhibiting the noetnriMil 
signals, are fixed at dosk, and removed by daylight, it becomes necessary, at permanent 
stations, that the roof of the signal-honse over which the telegraph stands should 
be formed with a small flat terrace, accessible by means of a ladder or staircase. 

In the intermediate stations of a permanent telegraphic line on shore two lantermi 
are required to do the duty of the centre light, one on each side of the telegraphic 
post, because one lantern can, of course, be seen in one direction only, owing to tbe 
intervention of the post. These two, as well as the two moveable lanterns, are fixed 
externally at a sufficient distance from the plane of the arms to prevent them from 
striking, as in fig. 4, in which C C are the central lanterns, L L the moveable lanten^ 
and W W the weights added to counterpoise them. 

The indicator light (I) may either be fixed to a separate post, as represented in 
fig. 2, or it may be attached to a rod (r), strengthened by a brace (6), and guy-ropes 
{99)1 as in fig. 8, which is an elevation of the Universal Telegraph, fitted up for 
night signals, on a scale larger than that of the former explanatory figures. The 
apparatus now alluded to, having only one lantern to support, may be made extremely 
light. The end of the rod drops into a small open mortise at the head of the post, 
and has a semicircular groove on its lower surface, which is engaged by a horixontal 
bolt driven through the sides of the post. A small rope fixed to the end of the rod« 
but omitted in fig. 3 for the sake of clearness, is made fast to a cleat upon the post 
below, to prevent the rod from moving. The foot of the brace is secured to the post 
by a plate and stud. . 

This apparatus, which entirely depends upon the telegraphic post, and turns with 
it, may be fixed or disengaged in a moment, and is peculiarly adapted for ships and 
for field service, in which the length of the telegraphic arm does not exceed from 5 to 
6 feet. But at permanent stations on shore, where larger telegraphs would probably 
be used, the apparatus for supporting the indicator lamp should be a permanent 
fixture, to save the trouble of continually shipping and unshipping it. At such 
stations, if the signals were required to be made in various lines or directions, the 
pole for supporting the indicator lamp should be fixed to the post at bottom, so as to 
stand out from it obliquely, like a ship's bowsprit, with lifts or ropes to support it, 
leading to the top of the post, and a couple of guys to secure it from lateral motion. 
Hence one oblique spar only would be used, instead of the two pieces (namely, the 
rod and brace) before described. But as there may be many stations in a telegraphic 
establishment on shore in which the signals require to be exhibited in one invariable 
line only, at all such stations the indicator lantern should be fixed to its own separate 
post, which may either be placed vertically (as in fig. 2), or obliquely, as may be 
eonsidered most expedient.* 

Lamps for burning oil were subsequently brought to such perfection that a light 
of sufficient intensity for any distance suitable for telegraphic pui*poses might easily be 
obtained. In regard to form, when night telegraphs are adopted on shore, square 
lamps, having the two glass sides opposite to each other, so as to show light in two 

tho wooden arms that the former cannot obscure the lantoma as they revolve. The open 
space in which tho lanterns hang when in number 4 position should bo about 18 inches high, 
if largo ones are used. But as it may not always ha convenient to increase the length of the 
arm so much, let the ironwork project only 1 foot beyond the end of the wooden arm, and let 
the latter have a hinge by which about inches of it may double up in order to increase UiQ 
depth of tho open i>art for the night signals. Sco fig. 3, in which these hinges arc repre- 
sentod. 

• Tho oblique position is of course only recommended when tho roof of the signal-boxise is 
too small to admit of tho indicator lamp-ix)st being fixovl vertically, which may somotimes 
Jkappen. 
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direetions ODly, are the most proper. But for sea service the pattern called the 
'globe lamp,' which was generally adopted in the Royal Navy in lien of the former 
ngnal-lantems, appears to be decidedly the best. In this, the light is exhibited in 
every directioiiy through a rery strong globular glass, to which are fitted a copper top 
and bottom, pierced with air-holes.* 

In respeet to the dimensions proper for the parts of the Uniyersal Telegraph, we 
ascertained by experiment that the arms for the day signals should be about 1 foot in 
length per mile, in order to be distinguished by a common portable telescope of 
moderate power. This length is computed from the centre of motion to the end of 
the ann, not including the small part beyond the centre, called the head. By the 
above rule^ a telegraphic arm of 6 feet in length may suffice for stations 6 miles 
apart ; but generally speaking, in telegraphs intended for permanent stations, where 
the saving of weight is less an object, it may be considered best to add a little to the 
dimensions thus found. 

The width of the arm need not exceed ^ths of its length, and should not be less 
than jth or Jth of the same dimension, f The indicator for the day signals should be 
of the same width, but only Jths of the arm in length. 

The height of the post should be such, that men, or other moveable objects, pass- 
ing near it^ shall not obscure the indicator or arms, when the telegraph is erected on 
the deck of a ahip, or in the field. But when placed on the roof of a permanent sig- 
nal-houae, the projecting part of the post need not exceed the telegraphic arm by 
more than §rdB of the length of the latter. 

It is desirable in all cases that the telegraphic post should be capable of turning so 
as to exhibit the arms in various directions, t On board ship it must also bo occa- 
sionally lowered. Hence it becomes necessary to step it upon a simple open circular 
joiut of iron, fixed to the ship^s side near the deck, and to secure it by an iron clamp, 
also of a circular form attached to the rail, nearly in the same manner as the ensign 
staff of a man-of-war is usually fitted. 

The telegraphs hitherto constructed upon this principle are of two sizes ; one 
having arms of 5} feet in length, § with the lantern pivots placed 64 feet from the 
centre of motion ; the other having arms of 24 feet in length only, with the lantern 
pivots 8 feet 2 inches from the centre of motion. The former arc of a size suited to 
the hirgest class of men-of-war. The latter are perfectly portable, as the whole appa- 
ratus, including the night indicator, lanterns, &c., does not weigh more than 34Ibs. In 
dear weather, these small telegraphs make signals distinctly at the distance of three 
miles. 

Supposing that telegraphic signals should be required on a sudden emergency, in 



* I am informed that Lord Cochrano origiimUy proi>osod the globo lamp, but tho pattom to 
which I allude is considered an improvement. I have not been able to ascertain the name of 
the patentee or maker. Tho largo lamps of this description sold in Chatham, and the stage- 
coach lamps formerly used by the principal proprietors on the Dover road; were both seen 
distinctly at the distance of 6 miles in clear weather. 

t Having fixed the length of the telegraphic arm, there is in the signs exhibited thereby, 
as in the capital letters of the Roman alphabet, a certain proportional width not only pleasing 
to the eye, but which cannot be diminibhcd beyond a certain limit without causing tho 
characters to become indistinct. On board ship, where the telegraph may often be seen 
obliquely, a broad arm is more essential than at the fixed telegraph stations on shore, whora 
this inconvenience seldom occurs. 

t Because even at permanent stations, not required to make signals in more than one align- 
ment, tho power of turning enables tho signal-men to adjust the arms and the chains, or 
Other contrivance for moving them when necessary, without noodlcasly attracting tho notics 
of the corresponding stations. 

} Which corresponds with tho size of the Admiralty ship semaphores. 
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■ome feitoation vLere there may not be time and means for making weU-finiahed ide- 
graphs, in the manner that has been described, I hare ascertained bj ezperiaMBt, 
that the most expeditious and satisfactory arrangement will always be to eopy the 
regular construction, as closely as circumstances will permit. A po8t» with two 
planks for the arms, each worked merely by a couple of strings without pulleya, will 
constitute a day telegraph, and the addition of lanterns, &e., will otmrert the Mme 
simple apparatus into a nocturnal telegraph. In both cases the arms musi be eom- 
terpoised by wood or ii'on, and also by weights, but in a ruder manner than wm 
before described. To adopt balls or flags for day signals, or an immoveable leet* 
angular frame, with ropes and pulleys, for supporting the lanterns, for night 8igBa]% 
which are the only other expedients that suggest themselrea as a temporary arrmnge- 
ment, will, on trial, be found much less satisfactory than the rudest attempt at the 
counterpoised telegraphic arm. 

It is well known that telegraphs should generally be painted black, and that for 
permanent stations they should always be erected, if possible, upon heights having no 
background.* 

Of a Telegraphic Dictionary, suited to the Universal TeUgrnpK, 

Several Telegraphic Dictionaries have been composed by different authors, but of all 
that I have seen, the one used in the Royal Navy, which was compiled by the late 
Rear* Admiral Sir Home Popham,t appears, upon the whole, to be the most judiciouL 
The number of words and sentences contained in it does not exceed 13,000 ; and yet I 
have seldom observed a deficiency of any useful word. Another author has composed 
a Dictionary of a similar nature, containing upwards of 31,000 words and phrasee ; 
and a third has composed a work containing more than 140,000 words, phrases, and 
sentences. It may be observed in regard to this subject, that the extension of a Tele- 
graphic Dictionary beyond a certain limit is an evil, because, in proportion to the 
number and length of the sentences contained in it, it becomes so much the more 
difficult to find any of them without a vast loss of time. 

Hence the advantages held out by the author of any very voluminous Tel^raphic 
Dictionary must always be in a great measure nugatory, unless the place of eveiy 
phrase or sentence contained in it could be known by intuition, which is impossible. 

It is to be observed, however, that the comparative compendiousness of Sir Home 
Popham's Telegraphic Dictionary is partly owing to a practice which he has carried to 
the greatest possible extent, but of which the other authors alluded to have availed 
themselves more sparingly, or not at all. I mean the system of classing under the 
same article of his pictionary, and thereby representing by one common signal, all the 
forms of the same verb, as well as every noun, adjective, or adverb that happens nearly 
to coincide in sound, or are connected in signification. Thus the words 'a^ree,* 
'agrees,' 'agreed,' 'agreeing,' 'agreeable,' 'agreeably,' 'agreement,' 'agreements,' 
would all be denoted by one aud the same signal, and comprehended under one article 
in Sir Home Popliam*s Telegraphic Dictionary. 

It is remarkable how very few ambiguities this sweeping method of classing the 
words of our language will be found to occasion in practice, as may be ascertained by 
taking any sentences at random out of a book, aud applying Sir Home Popham's 
telegraphic phraseology to them ; and yet it cannot be denied but that serious miitikee 
may arise at times from this system. 



• SoDietlinofl that inconveuicnco is imavoidable. Tboii their colour ahoiild form a contrast 
with thftt of the background. In ccrtiiin situations the latter may vary at different periods 
of tho day. In that case it has bct-n foiuid useful to paint the arms white and black in large 
chockom, each occupying half tho width and half the length of tho arm, 

t And revised by a Committoo of cxi)erienced Na\al Officers. 
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For example, the pLrases — Hhey are roLbing/ *ihey are robbed,' and Hbeyare 
robbers,* althoiigh different in sense, would all be expressed by the same signal in 
Sir Home Fopbam's Dictionary. Tbe phrases ' a robber has been executed,* and ' a 
robbery has been executed,* would also be expressed by the same signal ; and the 
phrases ' they are going,* and ' they are gone,* would likewise be confounded. 

It is farther to be remarked that Sir Home Fopham*s Telegraphic Dictionary being 
necessarily confined to the use of the Royal Nary, is not available for general serrice ; 
and even if this restriction did not exist, it is eyident that if telegraphs were intro- 
duced into British India or into any other of our foreign possessions, a number of 
militiry phrases and sentences, and a great number of local words and phrases, would 
require to be introduced, which are not to be found in Sir Home Fopham*s book ; and 
at the same time it might be desirable to obviate the degree of ambiguity before men- 
tioned in that work. This would require every verb to be expressed in two forms 
instead of one, and some of the nouns, adjectives, and adverbs now classed under the 
same head with a verb, or with each other, to be expressed separately. For example^ 
the word rob and others connected with it, which are at present all denoted by the 
same signal, might be divided into three distinct signals in the following manner : — 
1st. Bob, robs, robbing, robbery, robberies, and to follow the same rule in regard 
to other verbs, including the present tense, the infinitive, and active participle, under 
tbe same head, and also any noun of the same sound, or even of kindred meaning, 
provided in the latter ease that it be an action, passion, or any thing inanimate. 

2nd. Hobbed^ including always the past tense of the verb and the passive participle 
under one head, whether they be the same in sound or not. 

3rd. Jtobber, robbers, and to follow the same rule in regard to personal noun% 
keeping them always distinct from the verbs. 

It appears also advisable that the adjective and adverb, when different in sound, 
although of kindred meaning, should likewise be separated firom the verb. Hence it 
would be proper to separate the various words classed under the head agree, in Sir 
Home Popham*s Telegraphic Dictionary, as follows : — 
1st, Agree, agrees, agreeing, agreement, agreements, 
2nd. Agreed, 

3rd. Agreeable, agreeably. 

If a select Dictionary on Sir Home Popham*s principle were thus dilated, it would 
in all probability increase the contents of the work from 13,000 to about 25,000 words 
and sentences ; and if the military and local phrases before alluded to were likewise 
added, it probably might swell the amount to near 80,000. Upon the whole, I con- 
clude that a judicious Telegraphic Dictionary, composed on the most comprehensive 
plan, so as to embrace every contingency of the public service both at home and 
abroad, ought not to contain so many as 40,000 articles. This inference may be 
considered the result of experience, inasmuch as it has been drawn from a careful 
comparison of the most elaborate works of that nature that I have been able to 
procure. 

Supposing a Dictionary of this description to be composed, I would adapt it to the 
key of the Universal Telegraph in the following manner : — 

The Dictionary should be divided into five i)arts or classes, each containing one- 
fifth part of the total number of articles inserted. Thus, for example, if SO, 000 
articles and 1000 blanks for unforeseen purposes appeared necessary, let each division 
of the book contain 6000 articles and 200 blanks. 

Of the 28 signs which the universal telegraph is capable of exhibiting, I would 
reject one, namely, position 4 of the day signals, in which one arm points vertically 
upwards in the direction of the post prolonged ; because it has been urged| that unless 
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when viewed by a very experienced eye, it is liable to be confounded with the post^ 
80 as to be mistaken for the position called Hhe stop,' in which neither of the arms 
is shewn.* 

Of the remaining 27 signs, om should be nsed as an alplMetieal preparative, one 
as a numeral preparaiivef and Jive as dictionary preparaiiveSf each of the latter 
referring to its own distinct part or class of the Dictionary. 

Thus there would be 7 preparatives, and 20 signs for general porpoees. Bach 
preparative would of course denote, not only the beginning of that word or sentence 
which is immediately to follow it, but also the end of the preceding one. 

In representbg the letters of the alphabet by 20 signs, the letters I and J, the 
letters E and Q, the letters S and Z, and the letters U and V, would be coupled 
together ; but the letter F would require to be denoted by the two sueoeasive letters 
P H, and the letter X by the two successive letters C S or E S. 

The number of signals which may be made by three succesrive changes on the tele- 
graph, using the 20 disposable signs only, is equal to 8000, being the third power of 
20 ; but as the beginning of each signal must be denoted by a preparative, without 
which the signal is imperfect, if the abovo 8000 articles be combined with the five 
Dictionary preparatives before mentioned, it will be evident that by never juang more 
than four changes on the telegraph for any article of the Dictionary, no less than 
40,000 words and sentences may thereby be exhibited ; but, as remarked before^ this 
number is greater than appears to be absolutely necessary in a judidouB and well- 
oomposed Telegraphic Dictionary. — C. P. 



TETE DE PONT. — Bousmard says a tSte de poni ought to unite the pro- 
pertiee of a perfect defence of the river on both sides, to cover the bridge well, with 
space sufficient to contain the garrison, and furnish a free passage of a considerable 
body of troops, affording also facilities for their advance or retreat ; of which fig. 1 is 
a good example. 

Fig 1. 




The tite de pont should also be of itself sufficiently strong to resist an assault. 

The construction will very much depend upon the nature of the ground and the 



• This ?agn is used to mark the ©ml of a word when several successive signals are all made 
alphabetically. In the stt>p the indic:itor apitears nearly equal in length to the upper part of 
the poet In Xo. 4 positiitn it is not quite half so long as the same part of the po«t appears 
to \m when prc^nged by the addition of the arm, Hoice the experienced or careful obeerrer 
^"^ *^uody miatake between theee twa Xo. 4 of the night stgruda is ooe of the most 
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object in placing the bridge, whetber for a permanency or for temporary purposes : if 
the former, some care must bo taken in the constructiun, and if the ground is yery 
lov, the ditches may be -vet, as explained in fig. 2. 

Fig. 2. 




Worhs to coTer bridges of stone or wood, of a permanent nature, may be made of 
some existing buUdiugs, loophokd and barricaded on both sides of the riyer, and 
artillery planted on the near side of the riyer to flank and protect the adyanced 
works ; the object being to preyent any small bodies of the enemy destroying the 
bridge, and thus interrupting the communication. Fig. 3 is another example of a 
permanent bridge-head with wet ditches on a more extended scale. 

Fig. 3. 




Fig. i represents the plan of a tite de pont combining the more permanent with 
the -temporary, for the passage of a large army, haying three bridges to coyer, of 

Fig. 4. 
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vhich two would le temporarily laid for the purpose, formed from the Bridge Equip- 
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rneut of the Armj, Mid which would be ranoTcd when the troops bad paned, vbilit 
the oentre one would be to &r pemuuient as might be neeesau? to Mcnre the oom- 
maiiicatian and sapplie?, and formed ot materisJB obtained on tlis sgyit ; and the 
inner biid^bead eonatracteil witb more care than the outer works. Bmplacenient 
for Field Artillei7 would be prepared on the near side of the rWer to Sank the works 
of the Itle dt ponl. 

Pol the construction of works of this nature, seethe article on ' Fortification, Field,' 
as the rules explained therein applj equall; to the ttU dtponl. 

Th? fullowing should be Attended to in the selection of Eitea as well as in fanning 
tbe works : 

The bridge-head Bhould admit of a defence uutit all the troops hare paued. It 
Ehould coier the bridge from the enemy's artillerj. If there are islands in the riTer, 
they may bo fortified with adfanlage. — G. 0, L, 

TROUS DE LOUP.— The applicaUon of (iiw. dt loupt has been already 

eiplaiueJ in the article ' Fortification, Field,' in an eitract from ' Memoranda on the 
Lines before Lisbon, in 1810,' by the late Major-General Kr John Jones, Bart. : thrir 
construction is represented in the annexed figure. — (See tdI. ii. p. 27.) 




Y. 

VOLTAIC ELECTRICITY.* 

The esientittl parta of an electric telegraph are llie following : — 
1st. Tht Source of EltdTicUy. — This may be a voltaic battery, or a magneto- 
eleetrie machine ; the fbnuer ia more nsnallj employed. 

2nd. Tht Conductor, whieh is compoaed of a metallie wire connect«d with the 
source of electricity and with the instrumenta to whick it conTejs the electricity, and 
BO insulated &am other conductors that the electricity will pursue th? desired eouna 
witb the least possible loss, when the voltaic circuit is completed, cither by a second 
wire, or, as is invariably done In practice, by connection with the earth at each end. 






VOLTAIC ELECTHICITT. G3I 

3rd. Tkt hatrmmMt, which must each eonaiit at two parts, one for nceiTiog tha 
eutmti of sIcatrieitT and makii^ eTldeot to the uuase the aignsli which the; eooTej, 
Vi» oUiK for truumitting lignals to distant (tatioiu. 

lit. Tlu iSoarM of BUetricity. Varioai deaariptJouB of Toltkic b(ltteri«s tin in nn 
Ibr the purpoai of telegnpby. That known as Wollraton'i battarj «m at Grat gme- 
tftUj anidaj«d, hot it haa now girca place to other furma which ari Rnperlor to it in 
the coDitanoT of the cnrrcDts tlia; produce- 
In rinnii where portability ie n deeiJeratuQi, bowcTcr, tbe WDllastou battery is still 
naed ; the orlimiiy foriu is eboivn in Fig. 1, twelve cells being nnited in a trough, 




a>d« of gnttA-peroha, the platea are alternatclj copper and line, the latter amalga- 
■Mtod with melcuiT, and are 3^ x i\ inches, the cells are lied with fine siUeiana sand 
(fete ttota eubonatea), and moistened with sulphuric add dQoMd with water in the 
fr^coiioB of ^. This battery developes a powerful current of electricity when first 
made np^ bat it is Tcry inconstant, and alter being in use for a eertun time, rarying 
•MOrdiog lo drenmstanocB, it loeea iU power from Tarioos causes, the sand mnit 
(b«n be wuhad oat, and tba battery made np again with fresh solution and the liuca 

The grtkt deftet of the simple comUnation of linc and copper in dilate amd, is that 
tfce babbles of hydrogen gas naolting &om the decompoeiUan of the water by the 
deetrie force, adhere to the oopper-plate, and being very bad conductors of electricity, 
the power of the battery is very rapidl; dimioiahed when it is put in action ; moie- 
orer, the hydrogen being in what is termed the nascent state, oombioes rery re«di]; 
with the oiygm of the sulphate of lino, prodneed by the aotion of tlis bkttery, and 
netatlie une is thoa deposited upon the copper-piaUs, and so, similar metals being 
oppoaed to oKih other, the action of the battery ceases. Hany methods have beea 
adopted lo get rid of the hydrogeu. In Grove's and Daniel's batteries it eotnUnes 
with the oxygen of the solution in which the deotro-negatiTe metal it inuneiMd. In 
SmM'a, and Ita kindred fonns of battery, the hydrogn la tinted In enaping from 
the a^atiTs plate by giving it n rough snrflwis prcanting a moltitads of small points 
from which the bubbles separate taBily, 

The Mud is chiefty asefol to prevent the acid from spUUng when the battery is 
■oved abont, it tends also to make the aotion of the battery more ragolar ; but it 
■bonld not oontain earhonatea, such as carbonate of lime, or a oheinie«l action lalMS 
T^MM with the snlphniic acid which is detrimental to the battery. 

In the beat form of this battery a small galta-peccha pipe is inserted in each cell, 
extending down to the bottom ; through this, fresh diluted add is poured is ftum time 
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to iime lo make up for wiute by sTaLpDration. Bj thoa intrododng the freah acid at 
the bottom of tba cell, where the hoav; aolphate of nno grtintatcB, ■ more regnlu 
action is obtained. If the sulphata of line be allaved to nccamolate in the lorer part 
of tbe oell, a erou roltuc eairent ia «atabli>hed between the upper and lower portion* 
of the plate* vbich are in sotntiona of diSetent Etrengtha. The effectire onrrent in 
eircDlation ii that tUminiahed, and tbe upper portjona of tbe tine pUtea ate n^dl; 
disaolTed awn.y. 



Tbe weight of tbe batlery is (irithont sa 



with Si 



>r liquid) 



It It 

22 




„ „ Band and liqoid 23 12^ 

it nquires abont Itb merenry and 2 pints add per annum. 

In America "OroTe'a" batterj ia exteoairelj employed. This is the most poTerfnl 
form of battery, producing cmrenU of electrirfty of great qoantity and intenaly, but 
it does not appear to be well adapted for the purposes of telegraphy, as it ia Tory 
expensive and tranbleaome to keep in order ; and by uung a fev more oella of a leaa 
energetic, bat simpler and cheaper, and at the same time more constant, battery, n 
can produce an electric aarreiit of mffii^eat inleoaity to oreroome the reaiatanee due 
lo loBg wires, acd having at the same time a sufficient quantity to influence eSectnally 
the delicate instruments used in telegraphy. 
Fig. 2, Bhons tbo form of Orove's battery used in America : s is the porona earthca- 
Flg. 2. ware cell containing pure nitrie acid, it ia S^ inches high and 

] i inch in diameter. In this cell tbe Etrip of platinum foil, 
c, is immersed ; it is snldered at s to the projecting arm i of 
the tine cylinder r. The due is about 1 incface high, and 
3 Its. in weight, it is placed in the glass cell a, eoab^ning 
dilute sulphuric add in the proportion of ^, To keep this 
battery in effective action it ia necessary to take it to jdeees 
I erery night and to clean the lino plates^ and to «4d ^th 
c acid erery morning. The dilute Balphnrio add 
is renewed twice a week. Tbe lincs reqnira renewal ewrj thiee months. (ShaSser's 
"Telegraph Manual.") 

" Smee's " battery is the cleanest and most generally convenient form for experi- 
mental purposes, but it is too enpeneiTe to be employed generally aa a aonrce of 
Fig. a. electricity for the telegraph, and 

the platinised silrer platn reqtiin 
Tery careful handling. 

A modilicatioa of Smec's battery, 
known as Cbester'a lattery, is, 
however, used largely in America ; 
it is sliown in Eg. 3. The form ia 
simple and convenient, and it has 
been adopted for tbe local batleriea 
of the government telegrapha in 
Australia. 

A, is a bar of Tamiahed wood, 
or other inBuUting material, from 
which the plates of zinc and pla- 
tiniaed silver s aad p ara suspended 
by tbe clamps and binding screws 
placed on opposite sides of 




The unc and platinised silver pUtea si 
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the lar A, u in tbs upper figara ; i t ua th« gites cells oontunlng dUnto mlphnria 
•did. The lino pUtn itaad in enpi of menmr; n u, md their lunalganution ii thug 
tuored. Thii form of bsttery reqnires U> be token to pieties, the zinc plstea cleaned, 
«Bd (he loIntioD reneir«d aboot STer; three montlis. The lincs genentlly last > ;e*r, 
•ad the platijuKd silTer, if careroU^ handled, will lut man; jean. 

Another batteiT on the pidnciple of Smee'e, whiih i« Tory powerfnl and modemtelj 
tawtant, ia obtained bj a combinatian of platinised graphite and amalgamated linc 
Thia bktterj hta been labatitnted for tbe Wot- p^ ^ 

iMkm, or sand, battet;, on the Landon and z C z C 

Sonlh Eartern Bailvar, and anevers well It 
ia ihom in fig. 4. The sUba of graphite 
(ilhieb i« carbon in a nearly pnia condition) 
an obtuned from the refiise of gas vacka ; 
aome difficult; ia experienced in cutting them 
to the required fbim, and the graphite and 
capper connecting bands must be tinned at the 
pointi of joncUon to ensaro the adhcaion of " - 

the colder. 

Tbe flnt mannGMtnre of these batteries, and their repair vhen the zincs ira worn 
oat, are aoniewhat tronblesome ; bat when the neeeeaarj appliancca are at band the; 
can bo eheapl; made, and are being largel; introduced into nae for telagtaphio par- 
pona. The; are made of tvo siiea according to the purpose for vhioh the; are 
reqniTtd, A few celts of the larger siie, in which the plates are 7 V x 3" in quart jat^ 
beiag used for local batteries when eleetricit; of quontit; is required ; and a lai^er 
Bunber of the smaller siie plates, 6" x 2" in piut jars, for the miun cnrrent on the line. 
The line) are amalgamated and placed in gvitta-perdia ilipperi s s, filled with meienr;. 
This arrangement keeps up the uecesur; Buppl; of mercury to prevent local oclicD. 
Vin foil description, rule "Walker's EIc<itrot;pa manipulation," Part I. 

Daniel's constant batter; ia the most generall; used in England, and on the con- 
tinent of Europe. The emuigenicntB of tbe different parts of the liatter; vary consider. 
abl;. The form generall; adopted for the French telegraphs is ehowu in fig. S. The 
French batter; is made of two Fig. s. 

■iM* ; ia the smaller the tines 
are about 12 centimetres high. 
In the larger the; are about 20 

Ibrmer are need for the lino 

Cttrrent, and the larger fur the 

local batteries. The copper 

dements r, being in contact C 

with the porous cells, the latter 

Wome encTusled with metallio 

copper after some time, and 

Bust be renewed CTer; six 

months on an BTornge. ' 

To put the battery in action the outer cell ia first filled with simple water, and the 
perona eelU ■ with a aatntated aolution of snlphato of copper, seme crjstals of which 
are left on the perforated copper disc n ; aftera sborttime some of tbe solphate of copper 
paana throngh tbe porous cells, and diminihhea the liquid resistance in the outer oetla^ 
bnt at tbe same time oopper is precipitated as a bhuk powder upon the zinc. Thi^ 
however, does not matetiall; aSect the working of the batter;, which ia rer; constant. 

TOL. III. T T 




631 VOLTAIC 2LECTBICITT. 

Kg. 8 ihowi k loniJtDduiil KCtioa throagh ao« eml of Hairbsad's bftttmr, tlis hrm 

of Duiela' b&Uery now gcaenllj nisd Tor telegnphe in EngUnd. The endonnodl 

Pi^. g. tbrongh the poniui eelU U checked in a grMt 

meuore b; grewng tlem, wcsetit oa Iha 

jMitioD which U oppoiite to the ^e pUt« ; 

thii iucreuet the liquid tt«iatuic« md n- 

dooes the power of the batter; eaiitevhat, bat 

it ii condodTe to eeanom;, effeoting a nnif 

of to per cent, in Bolphate of oopp«r. Tb* 

une pUte^ are abant i' ■ 3*, the eopper plate 

ii abont i' x S". The porone oelli, r r, an 

filled with cTTitKli of lalpbate of eoifei 

and mUr ; a Torj dilate lolntion of tnli^ario 

moid in water U uted in the 0Dl«r oetia, d et 

which are of white porceluD, and are made in 

pein. Fire ancb pain are encIcMd in a etnof 

wooden box with a oorer, ai ihown m the figure. 

At Chatham a modified form of Daatel'e hatter; vithont porous celle Ii seed. 

The batter; it arranged in a gntta-percha trough conLuiiIng twelre eelli, aneh ai ii 

nnall; employed for the line and copper "(and batter;" shewn in fig. 1. 

The copper plate (i^ fig. 7) ii placed below the nnc plate (i) in e«ah cell, tad 
the copper i« bent in the form (hows in the dnwiogs, eryBtils of silphate of eopper (() 
being placed between l^e two "leare*" of the copper plate. 

A portion is ent o£F one end of the upper leaf of the eopper, and the line le nude to 
eontspond in file with the npper leaf, leaving a email space (o) at the end of the plate, 
throngh whiob the eiTBtals of sulphate of copper can be dropped in &om Ume to time. 
The sine plate is cast in the form of a paialleloplpedoD, with a pnyection {p), (o 
which the copper strip is riTetted, which eannecla it with the copper plate. Some- 
time* "rolled line" is used, and in this case the plates are oat ont of (he sheet with 





proJeeUoBi dnilar to p, wUah are bent op alter beating the metal to about the tem- 
perature of a tailor's " iron." Bolted sine is conaideraU; more clectro-potitire than 
east sine, and ita emploTment increases the electromotiTe force in the proportion of 
about 3 to 2. 

The liquid used is ordinal; water, which soon dissolTcs some of the salphat« of 
copper, the batter; ii then read; for use, and ooatinaes in astion with remarkable 
oonstanc; for a great length of time. The zinc plates are placed above the copper 
plate* in order (a take adrantsge of the two etrala of fluid which form in each celU 
Bal|Aate of copper is beav;, and graTitate* chicfi; to the bottom of the cell, and 
iBlphata of sine, which ia soon formed b; theactioaof the batter;, and which is lifter 
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iluui inlpliaie of copper, remains chiefly iu the upper portion of the oell| and thni each 
metal is in a solution of a solphate of itself. A eertain amount of sulphate of copper 
mizos irith the sulphate of zinc, howeyer, and copper is deposited on the zinc in the 
form of a black powder, but this does not appear to diminish the power of the battery. 

This form of battery is Tory compact and conyenient, and owing to the reduction of 
retistaniM resulting from doing away with the porous cells, it is quite equal in power 
to the large Mniriiead battery, although the mean sectional area of the liquid between 
the plates is not more than 4-lOths as large, but the copper from the solution is 
reduced upon the zinc more rapidly, and it is therefore somewhat more expensiye in 
•nlphate of copper. This is, howeyer, more than counterbalanced by the suppression 
of the fragile and cumbrous porous earthenware cells. 

These batteries ordinarily maintain an electric current of equal force for a year, crystals 
of sulphate of copper occasionally being dropped into the cells through the spaces (o) 
left at the ends of the zinc plates and the upper leayes of the copper plates. The zincs 
axe then worn out and must be renewed, which is a simple and inexpensiye operation. 

lbs. oz. 
The weight of this battery, without liquid, is . • 10 6 

,, ,, with liquid . . . 16 6 

About 4 lbs. of sulphate of copper are required to keep it in action for a year at 5d, 

per lb. The first cost of the battery is about 25«. 

It is not found necessary to amalgamate the zinc plates in any of the forms of the Daniel 

battery used for telegraphy, as strong acid solutions are neyer employed. In the form 

used at Ohatham the amalgamation would be injurious, as the mercury would fall on 

to the copper plates and produce two similar metallic surfaces opposed to each other. 

In determining the size, number, and mode of combining the elements of a x)arti- 

eolar form of yoltaic battery to effect any special object, the theory of Ohm is of ycry 

T 
great aviBtance. By this theory the equation Q = expresses the constant 

h -\- W 

relation between the elements of the source of electricity and the work done. Q= 
the quantity of electricity in circulation, which may be measured by the deflection of a 
gidyanometer, the decomposition of water, or the heating of a wire, as found most con- 
TOnient. T = the electromotiyo force or tension of one pair, or element of the 
paztienlar Toltaie combination; it may be measured directly, when a number of 
dements are combined in series, by the effects of electrical attraction or repulsion, as 
shewn by an electrometer ; but no instrument has yet been constructed sufficiently 
delicate to measure directly the static electrical tension of one element of a yoltaic battery. 
The eleetromotiye force depending solely on the metals and liquids employed in that 
combination, is a constant for each battery. The size and distance apart, and number 
of the plates and other special arrangements of the combination, do not affect this 
eleetromotiye force, although they do materially affect the effectiye force in circulation. 

The eleetromotiye force of a Daniel battery, for instance, depends entirely upon the 
excess of the affinity of the zinc for the oxygen of the water, aboye the sum of all the 
other affinities in the combination, yiz., of the copper for the oxygen and sulphuric 
add, and of the hydrogen for the oxygen. 

L B the liquid resistance or resistance to the passage of the current of electricity 
from tho sine to the copper in each cell. This is made up of the resistance of the 
liquid, and of the porous cell, and of the plates themselyes. The last may generally 
be negleeted, it is so small, although it shews the necessity of perfect metallic con- 
Metifliia between the pairs of plates. The resistance of the porous cell yaries directly 
as its thickness and the closeness of the texture, and inyersely as its surfiice interposed 
between the metals. The resistance of the liquid yaries directly as the distance 

T T 2 
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apart of the platesi and ita specifio redstanoe, and inTenely aa the oppoaed siuiaoe of 
the plates or sectional area of the liquid prism between them. 

10 = the resistance of the oondoctor, whieh raries directly as its length and as ita 
specific resistancci and inyersely as its sectional area. 

And here two terms, which are of frequent occurrence in speaking of Toltaie 
electricity, require to be defined — quantity and interaity* Upon the qmaniii/ff cf 
electricity in circulation depends the amount of work done, whether it be the decom- 
position of water, the deflection of the needle of a galranometer, the heating of a 
metal, or any other effect of dynamic electricity ; and upon Uie intensity, or (entioa 
nnder which the electricity is generated, depends the quantity which can be put in 
circulation in a given time through a conductor of a fixed resistance. 

T 
In the equation Q = = , if w = o, that is, if the plates be connected by a con- 

T 
dnetor whose resistance is insignificant, then Q==- representing the quantity of elcc- 

L 

tricity in circulation in a voltaic pair or clement of a voltaic battery, when «p = o. 

If n such elements Ije arranged in scries, connecting the positive metal of each with 

the negative of tlie next, %nd the first positive and the last negative metals be connected 

- by a conductor of insignificant resistance, we have n electromotive forces, and also n 

n T T 
resistances, and the value of Q will remain unchanged for Q = — =• == 7- ; whence we 

n h Lt 

learn that, in cases when the external resistance is very small, little or no advantage 

vrill be derived from multiplying elements in series ; but if the external resistance be 

considerable, the case is very different, with n elements so connected we can introduce 

n times as much external resistance without diminishing the quantity of electricity in 

T nT 

circulation, as will be seen from the equation Q = •= = _ - . 

L + vf nh+nw 

The quantity of electricity in circulation may be increased by diminishing either term 

T 

of the denominator of the firaction t . ' 

L + w 

L may be diminished by approaching the plates nearer to each other ; but to this there 
is a practical limit, owing to various causes ; it may also be diminished by incressiDg 
the surface of the plates, and with them the area of the conducting prism of intenrening 
liquid, and this increased surface may be obtained either by enlarging the platea or by 
connecting the positive plates of several pairs together, and also their negative plates. 

w may be diminished by decreasing the length or increasing the sectional area of tlie 
wire, or, which comes to the same thing, by combining a number of elements in 1 

Q'= .-4 W 

h + to 

n 

J to n it + to 

n 

(1) Representbg the increase due to diminished liquid resistance. 

(2) Bepresenting the increase due to diminishing the wire resistance. 

(3) Representing the same increase by the combination of elements in 
The comparative values of Q' and Q" evidently depend on the comparatiTe vmla 

L and w. If the liquid resistance be in excess of the external wire resistaaee^ if 
be best to increase the size of the plates, but if the external resistance be in er 



• Th6 word "inten^lt^" is used by French writers in the same scnw as wo use tb 
quantity. 
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and UiA( it cannot be directly diminished, q may be most economically increased 
by ananging the battery in series of elements. 

In the practical ser?ice of the electric telegraph, the currents pasmng between 
distant stations meet with very considerable resistance due to the conducting wires 
and the ooils of fine wire in the instniments, while the liquid resistance in each 
element of a Daniel's battery on Muirhead's pattern is only equal to about a mile of 
ozdinary conducting wire ; hence it is necessary to arrange the elements in series 
to obtain the requiied force in circulation. 

For local eireuits which have but a small wire resistance, but in which it is required 
to dreolate a considerable quantity of electricity to work the electro-magnets, batteries 
are used of a few elements in which the liquid resistance is diminished by enlarging 
the plates. 

The oomparatiTe electromotive force and liquid resistance of rarious forms of 
battery used in telegraphy, as determined by experiments by Captain Schaw and 
Identenant Fowler, are as follows in miles of resistance of No. 16 pure copper wire : — 



Graphite battery, plates 6" x 2^ 

IHtto in action for two days 
Muirhead*s Daniel-plates, ^' x ^' and 4" x 3" 

Ditto (greased cells) ditto . 

Chatham battery, plates 4x1, coii zinc 
Sand battery, plates 34 x 4 4, freshly mode op 



T. 


L. 


4-56 


•38 


4-96 


•63 


4-36 


•85 


4-34 


1-24 


4-28 


•84 


4*56 


•53 



The liquid resistances vary with the sixes aod arrangements of the metals opposed to 
eaeh other in the batteries, but will always be greatest, cceterit paribus, in those 
which require porous cells ; hence the reason will be apparent why the force circulated 
by the small battery used for the R. E. telegraphs is equal to that derired from the 
large Muirhead's battery with the porous cells. 

The superior constancy of Daniel's over Smee's, or the platinised graphite battery, 
and its adTantages orer Grove's battery in greater constancy, diminished cost, 
absence of noxious fumes, and simplicity of arrangement, justify its very general 
adoption as the best battery for the electric telegraph in which currents of a 
eonstant force having considerable intensity but small quantity are required, while 
the peculiarly compact and simple form used at Chatham, requiring no porous earthen- 
wave cells, no mercury nor any acids, but only the dry crystals of sulphate of copper 
to bo carried with it, appears to be in every way the best suited to military purposes. 
In operating through long circuits, when many cells are combined in series to over- 
come the resistance, and the electrical tension is considerable, it becomes important 
that the batteries should be well insulated, or the electricity may escape to the tables 
on which they are placed. On shorter lines the tension is so low that this precaution 
becomes of less importance. 

Moffnetie Electricity, — Permanent magnets are frequently used as sources of 
electricity instead of voltaic batteries, advantage being taken of the discovery of 
Dr. Faraday that if a coil of insulated wire be wound on a soft iron core, and this 
soft iron be magnetised, a momentary current of electricity is induced in the wire, and 
a corresponding current in the opposite direction takes place at the moment when the 
soft iron loses its magnetism or when its polarity is reversed. Magnetic machines 
have been constructed on these principles, and it was thought by some that the voltaio 
battery with all its inconveniences might be dbcarded for telegraphic purposes, 
and that magnetic electricity thus developefl would entirely supersede it 

This anticipation has not been fully realised. For the purposes of electro-metallurgy 
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mAgneto-eleetridtj U very largely employed, bat for elecirio telegrftphs it haa no! 
been found generally so satisfactory as yoltaic electricity. This is dae ehiefly to ths 
high degree of tension under wbioh the electric force is developed by this meaii% fen- 
dering it imperatively necessary that great perfection shall be preserved in the infola- 
tion of the oondncting wires — a condition very difficult of fulfilment in practioe* The 
British and Irish Magnetic Telegraph Company, when their lines were first opened, 
made use of magnetic electricity exclusively, and this system is still used, I believe, 
in some parts of Ireland ; but on all their lines in England the magnets have be«i 
given up, and voltaic electricity has been substituted, the reason given for the chaage 
being the increased rapidity of signalling, and the diminution of the difficnltiee due to 
defective insulation, resulting from employment of voltaic electricity. 

In Australia, magnetic electricity is almost exclusively employed for the long lines 
of telegraph lately erected there, and it has been found to work well. Tina may 
perhaps be accounted for by the dryness of the climate, which is peculiarly &vouimbIe 
to insulation. 

Magnetic, letter-showing, telegraphs are now largely used in London and other large 
towns by mercantile houses, for communicating between their various offices and ware- 
houses. The distances being short, i>crfect insulation is not difficult of attoinmenti 
and the convenience of dispensing with the voltaic batteries is very great in such oases. 

For military purposes, however, it appears exceedingly doubtful whether electricity 
of such high tension, and requiring such perfect insulatipn, can be safely employed. 

Condtictors. — These may be divided into two classes — wires suspended in the air on 
insulated supports, at intervals, and wires entirely coated with insulating material| 
and either submerged under water or buried underground. 

In the infancy of Electric Telegraphy two insulated wires were conadered neeessary 
for each circuit, but it was soon found that one insulated wire was sufficient to insure 
the electricity pursuing the desired route, and that the electric circuit would be oom- 
plete if one pole of the battery and the extreme end of the conductor were put in eom* 
munication with moist earth, the other pole of the battery being connected with the wire. 

A controversy still exists as to whether a current of electricity really passee baek 
through tbe earth, or whether the earth acts rather as a great reservoir always ready 
to receive or impart electricity. The latter view appears to be more correct when the 
distance is great ; the former may in part be true when the distance ia very smalL 
Moist earth offers a very much greater resistance than copi>er wire, in the proportion 
of about 32,000,000 to 1. Hence the extent of metallic surface in contact with moist 
earth, necessary to produce the best results in each case, will depend upon the tenaion 
and the quantity of electricity to be circulated. If the tension be great, and the quan- 
tity small, as is eminently the case with frictional electricity, and in a lesser degree 
with the induced currents derived from either voltaic or magnetic sources, a very 
small surface will be sufficient ; but, on the other hand, if quantity currents are to 
be circulated with comparatively low tension, as in tbe case of exploding mines by 
heatiag a platinum wire, so large a metallic earth connection would be required to 
reduce the resistance sufficiently, that a return wire is very much more convenient. 
In Telegraphy, currents of comparatively high tension are required to overcome the 
resistance of long wires, and the quantity required to influence the instruments is very 
small ; hence, earth connections become most valuable. Careful experiments made 
by Matteucci showed that with very i>erfect earth connections at a distance of 40 
miles, the resistance of the earth became so insignificant, compared with that of the 
wire, as to be quite negligible, and the electrical resistance was practically one-half 
of what it would have been had two wires been used. In towns, advantage is taken 
of tlii gaa and water-pipes for the earth connection ; but where these are not avaiUUe^ 
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it if fonnd ihaX fimr iqoare feet of copper platei buried in moif t earth ii praeticallx 



Bttt it it important that the earth plate be boried in moitt earth, or the reaistaaoe 
will be 80 great as materially to reduce the quantity of electricity in circulation* 

The retistanoe due to the earth connection being represented by r, the quantity of 

electricity in circulation through a mixed circuit of voltaic battery, wire, and earth 

»T 

win be Q = — = , from which it will be evident that to increase Q we must 

fiJLi + 10 + r 

diminfah r, and that as t increases so t* may be increased without diminishing Q. 

Befora piroeeeding to desoribe the various conductors in use, it will be best to state 
the laws of the propagation of currents in long conductors. Currents of electricity are 
solely d«e to differenoes of tension. In a voltaic battery the negaUve and positive poles 
have opposita tensions, which diminish regularly to the central point of the battery, 
where they neutralise one another, and as long as the poles are not connected, this 
diffsienoe of tension remains as a static force. If the central point be connected with 
the earth, no alteration takes place ; but if one pole be connected with the earth, its 
tension beoomes 0, and that of the other is doubled, the tensions increasing regularly 
from one pole to the other. If the poles are connected by a short thick wire, the whole 
quantity of eleetrioity generated is circulated through the wire, a constant. current 
taking plaee, and all apparent tension ceasing. If the wire be very long, a current 
of small quantity is circulated, and the tensions are slightly reduced, and dis* 
tributed throughout the length of the wire in precisely the same manner as in the 
battery. 

The case is similar in a telegraph wire. If ▲ and o represent two telegraph statiom 
eonae ct ad by an uniform con- 
ductor, A 0, and if the current ^ 
starting from A has a ten- 
sion = A I ; at B, half-way to 
0, the tension will be Bt' 

(half A<), and at o it will 

be 0, tbe diminution of the -"^ -" e 

tensions* being accurately represented by the line t c. This will be evident from 
the following considerations. The quantity of electricity in circulation is equal 
throughout the eirouit, as shown by the equal deflections of a galvanometer 
when inserted at any point. If the wire be divided at b, and it be required to 
circulate the same force through b o as was before circulated through a o, we have in 

9lT i tl T 

one case Q = — ^ , in the other, Q = , — > — , only the half tension being 

tiL+to ^ftu-\-^%o 

required to circulate the same quantity through half the resistance. Mr. Latimer 

Clarke has proved the truth of this law by actual experiment on long telegraph lines. 

(VOe his fieport in the Parliamentary Beport on Submarine Cables.) 

Is 
The electrical resistances of conducting wires vary as -r^, 2 being the length, t the 

ipeciile renstance of the metal, d the diameter of the section of the wire. When a 
oondneting wire is coated with an insulating material, a second resistance is opposed 
to the passage of the current, due to induction. The wire becomes charged with elec- 
tricity iA the same manner as a Leyden jar, the wire acting as the inner metallio 
coating, the insulating envelope as the glass, the water or moist earth or outer pro- 
tecting sheathing as the outer metallic coating of the jar ; and although the eleetrieal 
tension be comparatively low, the amount of surface is so large in a long cable thai 
the flow of electricity through the conductor is retarded in a very material degree. 
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The same effect la produced in long wires suspended in the air, but in so modi a 
smaller degree as not to be generally noticed. Fuller details on this subject will be 
found in an extract from the Beport of the Submarine Tel^raph Ck)mmitt6e, but the 
laws experimentally established by their inyestigations are as follow : — 

1. The inductive charges of insulated cables, when the same insulating material is 

used, vary, as -^j—y where I = length of cable, d = diameter of conductor, t =» thidc- 

ness of insulating envelope. 

2. The inductive capacities of different insulating materials differ conaiderably ; fiar 
instance, a greater inductive electric charge is produced under similar drcomstanoes 
in a cable insulated with gutta percha than in a cable insulated with india*rubber. 

3. The distribution of the inductive charge in a cable is not equable : the amount of 
induction at every point in the conductor varies directiy as the tension at that point. 

4. The velocity of the current is not increased by increased battery power, beetuse 
as the tension increases so does the induction and consequent retardation of signals. 

6, The time required to charge with electricity or to discharge an insulated wiie^ 
and upon which depends the rate of signalling, appears to vary as the square of the 
length, but tiiis point is not well ascertained. The great difficulty to practical tele* 
graphy in long submarine cables arises from the fact that the time occupied in the 
discharge from the finr end of the cable is much longer than that required for charging 
it by the battery, so that a signal ivhich is short and distinct at the near end of the 
cable will ooze out gradually from the far end. The time occupied in travdling 
through 1500 miles of insulated underground wire was found by Professor Faraday to 
be about two seconds. About the same interval was observed in the tests of the 
Atlantic cable, 2500 miles long ; but the rate of slgnalliDg through the cable was not more 
than from 1 '1 to 2 '5 words per minute (each word having five letters on an average. 

Law of divided currents,*—!! n and p bo the two poles of a source of dectrieity, 

Fig. 8. 




and N a & p a conducting wire, and if at a and b a second wire, a c 5, be oonnectcdf 
the laws governing the currents of dectrieity circulated through these conductors, are 
as follows : — 

Let T be the tension or electromotive force of the source of electricity ; 

B the resistance of the source and the conductors N a, F 6 ; 

9* ,, ,, conductor a 6; 

r ,, ,, ,, ac6. 

To determine the force or quantity of electricity circulating — 

1. Through the circuit H a6 p before the wire a c 6 is connected (called by the French 
the primitive current) ; 

2. Through the entire circuit, including both wires (called by the French the j)n'n- 
ctpal current) ; 

3. Through the wire a b (called by the French the partial current) ; 
^» it It «c^ ft It derived current) ; 

I*t Qi Q'l 3i Q'f denote these forces respectively ; then, 

T 
1. The resistance of the circuit k a 6 p being R + r, we have Q = ^ (the primi* 

ive current). ^ ^ 

* This invostig.'vtion U taken from Gamrrct's work on Electricity. 
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2. Tlie reaistanoe of the wires ab and aeb being r and r\ their conductivity will 

beeridently represented by -and-; respectively, and their joint conductivity by 

r + 1^ rr^ 

— ^, and, consequently, their joint resistance by — -j. Hence, the resistance of the 

rr^ R(r + r') + rr' 



whole circuit will be in this case E + 



r + r' r + r^ 



T (r + »^) 
and (y^s ^-r — -— TT— — -7 {ihe Pi'incipal current). 
R(r + r) + rr* ^ 

3. Since the quantity of electricity in circulation is equal at every point in the 
drenit^ and the tensions at different points vary as the resistances, t, the difference of 
tension between a and b, will be proportional to the joint resistance of the two wire% 
ab and acb, 

Or « • T • • ^^ . . ^(r + f^ + ri^ 

T rr' 

Whence t = =— — ; — .. This tension is common to the two wires a b and abe» 

J3L (r + r) + r r* ' 

we have, therefore, 

For a 6 2 = ; = it(rr j^TTT^ ^^^^ ^^"^^^ cnrrent). 

t T T 

4. And for a c6 0'= -> = — , (the derived current). 

* r' R (r + r') + r r' ^ ^ 

From the consideration of equations (3) and (4; it will be apparent that when 
ieveral routet are given to a current of ekctrictty, U divides itself in the inverse pro- 
portion of the resistances opposed to it. This general law is of the greatest practical 
utility in numerous cases connected with the service of the electric telegraph. When 
a telegraph line is imperfectly insulated, it explains to us how the current is gradually 
enfeebled, as it approaches the distant station, in quantity as well as in tension. If 
the earth connection in a telegraph station be imperfect, and several instruments be in 
eonneetion with the same earth wire, as is the usual practice, it explains to us the 
reason of all the instruments being set in motion when only one is sending or receiving, 
the current dividing itself amongst the various channels open to it, in the inverse ratio 
of their resistances. These, and various other causes of perturbation in the working of 
electric tel^aphs, are fully investigated in Gavarret's valuable treatise on the 
subject. 

The resistance offered by the conductor to the passage of the electric current is a 
most important consideration, and for the comparison of the resistances offered by 
different conductors, various standards have been proposed ; that of M. W. Siemens is 
probably the most perfect, viz. a cylinder of pure mercury, at the temperature of zero 
centigrade, one mdtre in length, and with a sectional area of one square millimetre ; 
German-silver wire is compared with this standard and used in a rheostat for practical 
purposes. In France, for telegraphic purposes, a galvanised iron wire, four milli- 
mdtres in diameter (between No. 8 and No. 9 B. W. gauge) and one kilometre in 
length, being the ordinary telegraph conductor, has been generally adopted, and is 
ecmsidered sufficiently accurate and most convenient for the purpose. In England, 
one mile of pure copper wire. No. 16 gauge, at a temperature of 60* Fahr. , has been 
hitherto the standard in most general use, and it has been adopted in this paper. It 
is very nearly equivalent to a mile of No. 8 galvanised iron wire, the ordinary con- 
ductor for aerial lines in England (the resistance of pure copper being to that of iron 
as 13 to 90, at a temperature of GO** Fahrenheit, and the sectional areas of No. 16 and 
No. 8 wires being to one another as 1 to 7 '5). 
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The retisUnoe of copper Tariee considerably with its temperstnre, and slight tniiees 
of oiher metals mixed with it increase its resistance in a most remarkable d^ree ; 2 
per cent, of arsenic reduces its conducting power to that of iron. 

Pnre copper is not now generally considered to be the best metal for a standard 
of resistance, because it oxydises easily, and its resistance yaries rapidly with ahm^ 
tions of temperature. Various alloys appear more suitable. German silTcr Lb considered 
one of the best. And an alloy of two parts by weight of gold, and one ditto silver, Is 
proposed by Dr. Mathieson. Mr. Varley has used No. 16 iron wire boiled in oil and 
enclosed in cement ; but no absolute unit of resistance has yet been adopted uni- 
rersally. 

Copper, being the best conductor ef electricity of any of the metals except bItcTi 
was used for the conducting- wire in all the earlier telegraphs ; and ibr submarine or 
subterranean lines it is undoubtedly the most suitable metal. 

It howerer becomes brittle and loses its tenacity when employed as a conductor for 
currents of electricity for any length of time. Exposure to the atmosphere, and to 
changes of temperature, produce similar effects ; and its value makes it too tempting 
a bait to marauders when suspended on poles. Iron wire has, therefore, now entirely 
superseded copper for conducting-wires suspended in the air, both on account of its 
superior strength, and also on the score of economy. 

Overground Wires, 

In long circuits it is advantageous to use iron wire of No. 8 gauge, or even largiv, 
in order to reduce as far as possible the resistance offered to the passage of the enrrent 
of electricity. To investigate the question of the size of conducting- wire suitable to a 
particular case, it must be borne in mind that the coils of a needle instrument ofEor a 
resistance equivalent to from 12 to 25 miles of No. 16 copper wire, and those of a 
Morse instrument of from 50 to 200 miles, so that with two needle instruments in 
circuity from 25 to 50 miles of resistance are due to the instruments alcme ; and if the 
instruments are 10 miles apart, the substitution of No. 16 iron wire for No. 8 iron 
wire will increase the resistance by only 65 miles of standard resistance ; but if the 
stations are 100 miles apart, the use of No. 16 wire in place of No. 8 wire, would add 
650 miles of standard resistance^ and the number of elements required to work the 

line would be too large for practice. 

T 
Let us examine the question by means of the equation Q = _ We know 

L + 10 

from experiment that to work one of the needle instruments used at the Royal Engi- 
neer's Establishment with a strong and rapid beat, three elements of the modified 
Daniel's battery are d^cssary. The liquid resistance of one of the elements of this 
battery has been found to be equal to about a mile of standard wire, and the resistance 
of the coils of the instruments is equivalent to about 20 miles. The force required to be 

3T 3T 

circulated may therefore be expressed by Q = oj.y, ^ "23"' If» oow, we insert 

various wire resistances in this equation, we must increase the number of elements to 
maintain the same value for Q. Let z be the number of elements required, and we 
have, with 10 miles No. 8 wire and two instruments in circuit, 

3T a?T 

^"^ 23 '^a;L+10 + 40 

*" a; + 60 
/. 3ar + 150 = 23x 

20 ;r =r. 150 and x = 7*5, the number of elements required. 
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With 10 adles No. 16 wire (= 75 No. 8) and two instruments in circnit— 

g ^ 8T a; T 



23 a:L + 75 + 40 
__ a?T 
x + li5 
3a; + 345 = 23a! 
and a; = IS nearly, the number of elements required. 

With 100 miles No. 8 wire and two instruments — 
ST X T 

Q ■■ 23 ^ xL + 100-1- 40 * ^^®^®® * ~ 2^» ^® number of elements required* 

With 100 miles No. 16 wire (=750 miles No. 8) and two instruments — 

8T X T 

Q = 7J5 =-7 — =7- r— , whence « = 118, tbo number of elements required, 

Zo Xu + JoO + 40 

These calculations must not be taken as more than approximations to the truth^ 
80 much dq[)ends upon the degree of perfection of insulation, that it is impossible to 
make exact calculations on the subject ; practical experiments can only decide the 
battery power requisite for the working of a telegraph line. Nevertheless the 
above considerations are correct in principle, and should gorem both the selection of 
the telegraph wire for particular cases, and the number of batteries estimated for as 
probably necessary to work any projected line of telegraph. As a rough approximation, 
Mr. Latimer Clarke states that in dry weather, with a well-insulated line of No. 8 
iron wire suspended in the air, one element of DanieFs battery to every four miles of line 
may be taken as a fair average, and that this number must be doubled under the un- 
fiivourable circumstances of wet weather, imperfect insulation, and old batteries. In 
this calculation, each needle instrument may be taken as representing only five miles 
of line wire, owing to the more perfect insulation of tbe fine wire in the coils. 

But there is a practical limit to direct telegraphy on overground wires which varies 
from 300 to 400 miles with No. 8 iron wire. This is owing to the increased tension 
(obtained by adding batteries in series) required to overcome increased wire resistance. 
As the electrical tension increases, so does the difficulty of sufficient insulation, and the 
leakage becomes so great at last that the current circulated is too weak to work the 
instruments. Other causes also combine to produce the same result^ which will be 
alluded to hereafter. 

It will be seen, then, that the gauge of wire to be used as a conductor, should 
depend in some degree on the length of circuit, but irrespective of any electrical re- 
quirements, it is found that No. 8 iron wire possesses a strength and durability which 
makes it well suited for general purposes of telegraphy, and its weight 38 Tibs., or about 
3| cwt. per mile, is not excessive. 

For military field telegraphs, when an air wire is used, a lighter wire will generally 
be preferable, and a conductor composed of seven- strand No. 22 galvanised charcoal 
iron wire, which weighs about 961bs. per mile, and wbich has been extensively em- 
ployed for the over-house telegraph lines in our large cities, would be very convenient 
in some cases. No. 16 iron wire would be lighter, but the seven-strand conductor ia 
more convenient^ being more flexible and stronger, and offering a larger sectional area 
for the conduction of the electric current. For military field telegraphs, however, an 
insulated conductor, not requiring supports, and yet sufficiently protected by an outer 
sheathing to be secure from mechanical injury by wheels or horses* hoofs, is much 
to be preferred. This will be described under the head of Subterranean Con* 
duetors. 

The seven-strand wire may bo used for spans up to a quarter of a mile ; beyond this 
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span annealed iron wire, unless of very saperior quality, will not answer ; it stretches 
oonsiderably when strained sufficiently tight, and is liable to break, especially when con- 
tracted during severe frosts and when acted on by the force of strong winds, &e. ; but 
both unannesled iron wire, and steel wire, have been successfully used up to spans of 
2000 yards, and No. 16 gauge is generally employed for such long spans, being light 
and manageable, and yet sufficiently strong. 

Connections, 

In a long line of electric telegraph there must be a great number of connections be- 
tween the dififerent lengths of conducting- wire, and if these joints are imperfect as 
regards electrical conduction, the resistance to the passage of the electric currents is 
Tery materially increased ; if they are not strong, there is danger of the line breaking 
during frosts or high winds. It becomes, therefore, very important to secure strong 
joints and a perfect uniformity of conductive capacity throughout the wire. 

The most perfect joint in the ordinary No. 8 wire is, perhaps, that which is em- 
ployed generally in England (fig. 9) ; it is performed by hiying the two extremities 
Fig. 9. side by side for two or three inches, binding them 

■■fiMlillllllllllMlf . ""°d tightly with No. 16 galvamwd iron wire, and 

" turning up the ends to prevent them from drawing 

asunder. The ends are then cut short with a file and broken off, and the binding con- 
tinued for a few turns beyond the outer single wires ; the whole joint is then coated 
with solder. If the wire be of good quality, the ends may be simply twisted together 
Fig. 10. as shewn in fig. 10 ; this joint is adopted in America, 

and in Russia and Prassia, and answers its purpose 
"a^ ^^ ^~ fuUy. The possibility of forming a perfect joint in 

this manner is a very good test of the quality of the wire. A small hand-vice is 
used to hold the wire at a, and an iron lever is used for twisting the ends ; the joint 
is then moistened with sal-ammoniac and plunged into melted solder. 

The seven-strand wire may be joined by twisting the two ends together, binding 
them with some of the single wire of the strand and soldering them ; or the ends 
may be joined by a simple reef-knot if the wire is good, but this is not so strong a 
joint. 

The joints in the unannealed iron or steel wire for long spans must be made with 
great care, in the manner shewn in fig. 9. 

Sal-ammoniac is generally used as the flux for soldering iron wires ; but chloride of 
zinc is preferred by some engineers. 

In specifying the description of iron wire, it is to be remarked that the qualities 
vary in the following order, the best and most expensive being placed first. 

Best Chaicoal Galvanised Iron Wire, No. Gauge. 

Best Best Best Galvanised Annealed Iron Wire. 

Best Best Galvanised Annealed Iron Wire. 

Best Galvanised Annealed Iron Wire. 

Charcoal wire was generally used until lately, when Best Best Iron came largely 
into use and bos been found to answer the purpose for the line wire quite as well, at a 
reduction of 20 per cent, in price ; but for binding wire, and for the seven-strand wire, 
the charcoal iron must be used, or sufficient toughness and pliability will not be obtained. 

The process of annealing wire lessens its tensile strength considerably, and even by 
the process of galvanising or coating with zinc, some strength is lost. Nevertheless, tho 
necessary degree of pliability cannot be ensured in English wire without annealing. 

The standard of strength for iron wire is very uncertain. The breaking weight of 
different specimens of No. 8 iron, tried at Chatham, varied fi*om 10 cwt. to 4} cwt, 
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at a joint made, as shewn in fig. 9 — by laying the ends side by side and binding them 
together. If the wire be too soft, the ends bend down straight, and the wires slip 
throogh the binding. If the metal be too brittle, the ends cannot be bent np without 
iojoring its structure, and they break off as soon as any stnun is applied. 

In the accompanying table are given the diameters, weights, and breaking strains 
of iron wires of different gauges. The breaking strains are furnished by Messrs. 
Johnson, wire drawers, of Manchester, but, as before stated, wires Tary materially in 
their tensile strength. In specimens not exceeding ^ of an inch in diameter, 
Mr. Telford found the breaking strains to vary from 85 to 42 tons per square inch of 
section ('Barlow on Strength of Materials'). Mr. Shaffher, in his work on the 
'Electric Telegraph,' gives in detail the results of his experiments on the strengths of 
Tarious descriptions of iron wire. Their average breaking strains per square inch 
of section were as follows : — 





riain. 


QalvanlBed. 


Annealed. 


American wire 


39-5 


28-6 




English wire 


24-5 


19-85 


17 about. 



The breaking strain of good English wrought iron bars is about 25 tons per square 
ineh of section, and it begins to yield at about 12 tons. 

When drawn into wire, iron increases in strength ; but assuming that the yielding 
point when the structure begins to alter ought not to be passed, and that the point 
will be about half the breaking strain, it will be safe to strain the best iron wire up to 
20 tons, and the worst up to 8 tons per square inch of section. 



Kfimber 

on 
B. W. 
gang*. 


Diameter in* 
inclica. 


Weight in 

tt>s. per 
100 yards. 


Breaking 

strain 
in lbs. 


Number 

on 
i B. W. 
gauge. 


Diameter in 
inches. 


Weight in 

fi)8. per 
100 yards. 


Breaking 
strain 
in&>s. 


000 




•425 


149 33 




15 


■:h 


•075 


4-29 


352 


00 


k 


•375 


110^32 


9040 


16 


^'6 


•0625 


3-22 


264 





ft 


•340 


88-31 


7280 


17 


^^ 


•0572 


2^48 


208 


1 


» 


•8126 


68-75 


5650 


18 


I'ji 


•0521 


191 


160 


2 


il 


•2917 


59-90 


4930 


19 


iSi 


•0468 


1-55 


128 


8 


ii 


•2708 


51-56 


4250 


20 


i8i 


•0416 


1-22 


104 


4 


a 


•25 


44-00 


3620 


21 


TJI 


•0364 


•934 


79^5 


5 


u 


•2291 


37-00 


3040 


22 


i% 


•0312 


•687 


58-5 


6 


u 


•2084 


30-56 


2500 


23 


9§0 


•0281 






7 


& 


•2075 


26 15 


2200 


24 


5l0 


•025 


•473 




8 


tt 


•1718 


22-10 


1840 


' 25 


iV^ 


•0229 









^ 


•1562 


18-36 


1560 


26 


-:^ 


•0208 


•321 




10 


^- 


•1406 


14-97 


1280 


' 27 


ih 


•0187 






11 


& 


•125 


11-95 


1000 


28 


ih 


•0166 






12 


1% 


•1125 


9-24 


800 


29 


iin 


•0146 






18 


& 


•1 


7-05 


568 


30 


jfo 


•0125 






U 


t^ 


•0875 


5-60 


456 


33 

36 




•008 
•005 







K.B. — The relation between the diameter and weight of copper wire is expressed by 
the formula e^ = 4 a / !f , where d = diameter in inches. 

L « length in inches. 

ic =■ weight in ounces aroirdnpois. 

whence the weight of 1 yard in lbs. =9 d\ 
Su^pitrls for OverffrouTid Wires.— -All wires are generally supported on wooden 
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post! of snfficient height to keep them out of harm*8 way, and to allow a fre« pasasge 
beneath them. 

Thii height is usually 20 feet at the polea, a deflection of about ^ih. of the span, 
when it does not exceed 100 yards, being allowed in the centre between the points of 
support. The ordinary distance of the poles from each other is from 70 to 80 yards 
when a number of wires are suspended from each pole. The strain upon the poles is 
found to be too great at longer interrals, and it becomes difficult to strain the wires 
10 tight that they may not interfere with one another and produce cross currents, but 
for a single wire the distance may be advantageously increased to 100 yards ; the 
expense is lessened by this means at the same time that the insulation is improred. 
Longer spans are admissible occasionally, but they bring a greater strain upon the 
wire, insulators, and supports than is generally adyisable, and a greater deflection 
between the supports becomes necessary. The supports used in England now, and 
which experience has proved to be the most durable, are larch poles, frx)m 25 to 30 
feet long, 8 to 10 inches diameter at the batt, and 5 to 6 inches at the pointy barked, 
and the knots planed smooth. The butts for 5 to 6 feet in height^ are charred, and 
soaked in gas tar, and the tops are usually protected by earthenware caps. They 
are sunk 4 to 5 feet in the ground. In France, the poles are generally injeeted with 
a weak solution of sulphate of copper, which preserves them from decay very much, 
but to what extent exactly has not yet been determined. In laying out a line of 
Electric Telegraph it is advisable to avoid sharp bends as far as poesible, as the strain 
upon the pole sitoated at an angle in the line is very oonsiderable. The strain should 
be divided amongst several poles when practicable, by adopting a onrred line. 
Qenerally when a side strain is brought upon a pole it should be stayed by iron wire 
to a picket, bat in some cases it is sufficient to give the pole an inclination in the 
opposite direction. 

An excellent organisation for making the holes, erecting the poles, and stretehing 
the wire in a new country has been adopted in America ; it is described fully in 
Shaffner*s 'Electric Telegraph,' page 695. The author states, that two gangs of 9 
or 10 men each can dig the holes and erect the posts for a line of Electric Telegraph 
at the rate of 10 miles a day through the back woods of America. Another squad of 
13 men with two waggons, a ladder, and the necessary implements, fix the insulators, 
and stretch the wire at the same rate. The poles are cut and hauled to the spot by 
other gangs, and when the wires traverse forests, the trees are used for supports as hi 
as possible. In England the line for the Telegraph wire is first decided upon. 
Hallways and ordinary roads have been generally the routes adopted. The poles art 
p. ^^ distribated at the ^required intervals ; longer poles being used is 

A particular cases for crossing roads, canals, &c. ; a party follows 
digging the holes and erecting the poles. The insulators are 
then attached, and finally the wire stretched. This last operation 
is performed by secaring one end of the wire to the terminal 
insulating shackle. It is then placed loosely on the insulators, 
or the wooden arms carrying them, for about half a mUe, when it 
is drawn tight by means of a light block and tackle, a speeies of 
vice call d technically ^*draw tongs*' (fig. 11) being used to grip 
the wires. The wire is then keyed or tied at intervals according 
to the description of insulators used, and another section proceeded with. A small 
vice with drum and ratchet attached (fig. 12) is very useful for adjusting the strain 
upon the wire. 

A hand-barrow having a skeleton drum on a vertical spindle is used for carrying 
the wire as it is being put up. The coils of wire being first distribated at intervals 
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tloBg tba Una, iktj mre pUosd on ihe drnm m i«qairad, uid u nnwoiuid tad itrstobAd 
im til* pola*. Thu haadtarro* in ihewa in fig. 13. The upper poitiou « oamw off 
Uw ipiiidle wlwD the leraw nnta, b 8, ara removed, and Ulow* a (reab coil to b« plao«d 
on (hs dmm. 







JntiiUUort. — Iano(IapuiiiieatofEleetri«Te1egT*pli;1iu there been greati 
ef piMtioe tbaa in the pattern of iDinlaton owl for lupporting orergrDand vires. 
Some of the forma moat ninal ia England at the pcoaat daj are ahem In figi. 11, 
16, li, n. Fig. 11 ii perhaps the moat largely uaed of aa;. 



runt. 




Th* ib^ad portiotui Abw tha doabta enp abapa nnderaeath, whieli givea it gre.it 
iuaMlBg paver in vat veathar. The line wire reata in the erooTa on the top, and 
It tied bj fine wire (No. 18 galTaniied Iron) at CT^ry third sapport, the tie being 
jmAjiiMd bj tvigCiiig t!ie Ene virs round the line wire cloK to Aa iniolator on one 
Me, irawing it once round the ncok of the inBoIator, and tlica twiiting the end 
MTCnl timei mund the viro on the other aide. Figa. IS and IS an modifications 
of Um »me f orm ; (15; is a very perfact inanlator, but it is mora frsgile than (14). 
Tba gnore at the top ia giren a form nited to prevent the wire Ih>m lifting eat. 
(16) It k Ter7 compact and aaefitl fbra, the wire being paaaed roond the lover 
ring whea it la required as a terminal, or at a bend in the line, the leTerage being 
thoa maoh ndaced and anScient strength olitoiaed for tbeae purpas^a. These 
e generally mode of vhite porcelain, which ia conaiJered the beat 
« for the porpoee, glaaa having been foond to iireak dating indden changea of 
Fig. 17 ia a nev insulator, in which the iron vork ia covered with 
■bonita, and the inanlalion ia said to be improved thereby ; the material ia a brown 
■toDswaie. Tha levenga on the iron arm in thia ineolator ia too great for atiength. 

The iron bolt it tecoied in ita place in all these inanlatora by a tnlpboi cement. 
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Ko. H U >Ja,ptcd for bol^g throngh x wooden croai-ann, u nuoy u 32 in 
beiDg lODiellmes supported oa one pole in tbia manner. Noa. 15 and 17 ore fitted bi 
lieiDg nailed or screwed to the poles; and No. 16 for driving mto the pol« or into 
trees or walls. 

These Insnlaton cost aboal 1>. eacb. 

Fig. 18 ibewB the nanal form of shackle which is empto;ed for making a brcik in 



^t» 




the ciicnit. It \» also trcqnentlj di 



the li'ns in order to insert ti 
(ermioating the line. 

The most eonTsaient form of teimimil insulators is perhaps that ahewn in Eg. 19 ; 
it ii Blight's patent, and is largely used in over-house telegraphs in our large towai. 
One or two inaolators are attached to the bolt ob may be found neceesarj ; when lued 
ta on intermediate support for long spans, or at bends in the line, two insnlaton ar« 
attached as ehewn in the figure, and the condnctor ia completed bj soldering a sluat 
irlra to the line wire at each side. 

Fig; 20 gbewa tbe insolalor generally ndi^pleil in France. The iron hook by whieh 
the wire is suspended is cemented into the porcelain Lj a mixturo of ■ulphur and 
oolcuthar. It ia simple and comcuient, but not ho perfect nil insulator as No*. 14, 
IS, 16 ; the lurface between the Iron liaik and llie pule being small, and in the abape 
of a aingle wide-mouthed bell, moiature accuuiuliib;^ there more easily Ibaa in lb« 
forma now adopted in England, and the tCBlstnuee to the escape of electricity is less. 




For turns and terminals on the French lines, the forma sheirn in figs. 21, 22, an nted, 
and permanent tightening ratchets of galvaniied iron of the form shewn in fig. 2S an 
fiwd at erery mil% the supports being of porcelain. 

Hevn. Seimens and Halake have designed a very perfect form of insnlalor which is 
tM*d Uiro«^oiit the finsalan territory, and also in Prusiia, and from its strength ud 
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tte petfeetion «f tbe Inmlalion it kSdrdi, it hu giren oompleto MtufietioD. It ii 
ptonliailj nitalile for tha long linei of telegnph tstending »enm tha nmiilubitcd 
(t«ppcB at Stmit, when th« bmkisg of an iuiilator ii & acrioiu mUter, if it ocean 
at » diatanM from a, itatioD, inTolring eonildenble it\±j aad expeate in Iho ropftir sf 
the liiM. Fig. U ii a Tisv of the inaoktor, and fig. 2S ahewa it in icction. Fig. SO 
FI|.SS 

FIg.M. 




li tha "■puioff" or tigbteniag Innlalor niad at erttj 600 jaids. The innlating 
nUatU If Chinm-wan oompnaMd bf mMhiner; vhidi poaeMCt grMt dectrioal 
r-****"-. It Ii pnrtMtod br tha outer bell of cut iron wliich ia ouled to tbe pott. 
A eentnt of nlphnr and oolootbiLr ii tued to Guten tha hook in the imalator and tba 
iMiilatts in the iron ML The wire i> BUpended in tha Iron hook beloir, which ia 
■ad« of noh » ahspe ai to grip tha wire ilightlj. Tba " ipankoff " holds the win 
ia ana of the lower notoliM, when it ii Mcured bj ft veilge of iron. A loop ii then 
formed in tlio wira^ and ii pwMd thiDugh Hie othsc lower notch, and a Mcond 
wedge aeoniw H from allpping. On the ftpproeeh of winter, partial are aant along 
the line of telegrftph to alack the wirei, in onler to allow for the coalraetion do« to 
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the exlremtt cold of a narthern elimate. The loops left it euh " apukoC" ip.i* a 
fiuilit; for thin ihtcldiig of th« win. 

Th« inniUtora coat li. Zd., &n<l the "■pMikoBb" S<. M. «uh (tn Bnglud). 

Id America telegraph !ine» bwineatlf traTerae forerta for great diatanoe^ and at 
lirat the wire was often broken bj tiees bUing acnisa the line. To omwnn* 
thii diffiealtj, an open ingnlator, anch aa that ahown in Gg. 27, haa been Bda{)ted ia 




aniJi caaai, which allows the wire ta slip freely throngk it betwe^ the tig ht en ln 
posts, utoated at about half a mile apart. A falling tt«« bean the wire down wilhovt 
brealiing it, tlie slack between the neighboaring polea being sofficient to allow for this 
depreaaioH ; and unless the wire be preaaed into moist earUi, the tel^raphic oohvb- 
nication ia not interinpted. n is a cjlinder of glaas, hanng a hole throng it, aplajed 
at each end, so that the wire lonehes onl; in the eentre. a ia a Sange pntjeetuv 
abont a quarter of an inch, and haTing a notch (o) in its eircoinference ; d it the 
oi)enlDg through whidi the wire is introduced, f is the pole, in which an anger hole 
is first boied of sufficient use and depth to take the flange ; a smaller hole for the 
insolator is then bored throng the post, and a saw-cut (e) is made to introdoM the 
wire. The insulator ia first placed in the hole so that d is opposite to c ; the win is 
then slipped in, and the iasnlator is turned until d is vertical, when a nail driTM in 
at o keeps it firmly in its position. 

These inanlatois arc teqaeutlj fitted in brackets and nailed to trea. 

In India, for the pemuuieDt lines. Ho. 1 galvanised iron wire is naed, the anppartJDg 
posts, of the beat timber procurable, being socketed in screw piles 3 feet in length, 
screwed into the aoU. The sapporta are at 110 yards apart. Tbe inmlatora are pn>- 
porUouately substantial. For temporary line^ such as were established for nuUtaiy 
purposes during the late matioy, the ordinary No. 8 iron wire waa naed, wilhont 
iosulatoi^ and supported lu a lery raugh manner on braDchrs of trees, ke. Dniiog 
tbe dry weather the surface of the ground becomea baked so hard and dry that it is a 
Tcry good insulator, and no difficulty was experienced in working through SOO miles 
of such a line ; but in llic rains these noinsalated lines become almost uaelesa. 



».— Tie aystem of underground wires wai uutatMllf 
: electric telegraph was first cstahlisbed, and in B^tand 
sach couductora hare also been Terj largely nsed ; but iu almost every ease th^ haTS 
now lieen taken up, and oYergronnd wires suspended in the air hare been aabatitated 
for them. 

The reaK>n for this change has been the Tcry great difficulty o( preaerriag th* 
iDsnlaUon of underground wires nuimpaired, and of discoTcring and repuring &nlla 
when they ooeur. 

V^Mlla have generally resnlled from the decay of the insulating coTering, — oetn- 
^"^^ iha Inm mwhanieal injury, either accidental or wilful. Varioas snbataaen 
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haTe been used for the inBalaiing enrelope. At first cotton or silk was wound spirally 
on the wire, whloh was then coated with resin and laid in wooden tronghs or iron 
pipes, or the wires were sometimes laid in a matrix of asphalte in trenches cat in 
the gronnd. India-mbber was then thought o^ and largely used, for covering wires 
in tannds and other damp situations : this material was used in combination with 
Cotton and shellac, thin slips of masticated india-mbber being wrapped spirally on the 
wire^ and the oyerlapping edges united by the use of naphtha as a solvent. The 
inwilaiion thus obtained was mach superior to that which other materials had given ; 
but after a short time the india-rubber began to oxidise^ and soon perished, becoming 
stieky and falling away from the wire. Gutta-percha was then introduced, and 
although it fiuled in the same way at first, so that many hundred miles of underground 
wire had to be taken up^ it was found that by covering the wires with tarred tape or 
yam over the gutta-percha, and burying them in the ground, enclosed in pipes or 
troughs, much greater durability was ensured. A system of covering the wire with 
several independent layers of thin material was also introduced, and the occurrence 
of air-holes or defects from minute fibres left in the material was thus to a great 
extent obviated. Notwithstanding all these improvements, however, telegraph 
engineers are now universally agreed in preferring overground to underground con- 
ductors, both on account of their superior cheapness and durability and on account of 
the much greater fistcility of repair. 

The induction charge in long underground wires has also been found a practical 
disadvantage^ necessitating the employment of electricity of greater tension, and 
reducing the rate of signalling, as before mentioned. A telegraph engineer of much 
praetieal experience states that a mile of No. 16 copper wire insulated with gutta 
perbha and buried underground, offers as much resistance as three miles of equivalent 
wire 8nq)ended on posts in the air. 

In many oases, however, it is still desirable to use buried conductors for short 
distanees, and the best systems now known are the following : — 

The conducting wire generally used is No. 16 copper, which should be compared 
with a standard for conductivity, as described under the head of ' Submarine Cables.* 
The inf«i*^«g material should be either gutta-percha and Chatterton*s compoond, in 
alternate layers, bringing the conductor up to No. 2 gauge, coated externally with 
Chatterton*8 compound, and served with tape, as manufiMtured by the Gatta-Percha 
Company, or else pure ** para" india-mbber in two coatings, protected by an external 
coating of gutta-percha, and having a farther protection of yam or tape soaked in 
Stodkholm tar, to preserve the insulating material from oxidation as fiir as possible.* 
Messn. Siemens and Halske have patented a system of applying india-mbber to wires 
i^thoat the use of heat or solvents, by bringing the freshly-cut edges into close contact, 
when a very perfect joint is produced. They apply gutta-percha outside the india- 
rubber, and then cover the insulated wire by spiral layers of tarred cord, put on under 
eoBsiderable tension to give tensile strength as well as protection ; and they use an 
external armour of Hunts metal, laid on spirally in an opposite direction to the cord, 
and in strips overlapping one another. Sach a conductor is strong, durable, and 
ienble ; and being protected in a great measure from mechanical injury, it seems 
well adapted for military telegraphs, to be laid on the surface of the ground and acres i 
river% Ice., between points to be temporarily connected by electric telegraph. A 
eaUe of this description, weighing 3^ cwt. per mile, having a copper conducting 



* An external coating of marine glue haa boon used lately with great advanta«^ ; but owing 
to the high temperature to which marine glue must bo raised before it melts, extreme core i» 
reqafaed hi applying it over gutta-percha. 

uu2 
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wire of No. 20 gauge, has been labjeoted to the test of the wheel of a heaTj pontooB 
waggon, with a ribbed tire, passing over it, on a paved sarfaoe, and it was not iigimd 
otherwise than by being somewhat flattened. 

For wires which are to remain underground, a protection by pipes of wood, iroi, 
or earthenware is necessary. The beet and simplest mode is perhaps to lay the win 
in a groove in flat tiles, which are covered with similar tiles, breaking joints, and set 
in hydraulic lime mortar. Creosoted wooden troughs have been much used, genendly 
with a galvanised iron lid to preserve them (rom being destroyed by the blow of a 
pickaxe. 

Iron pipes have also been employed for the same purpose, made in 6-feet lengths 
and in two halves, with projecting lugs near each end to bolt them together. In 
streets of towns this is probably the best system, as it gives the greatest security from 
mechanical ii^ury in taking up and relaying pavement, &c 

Whatever system be adopted, it is necessary that cast iron test-boxes be provided at 
intervals of about a mile, into which tlio wires are ]ed and united by means of joinii| 

Fi|r. 28. Buch as shewn in flg. 28, with gntta- 

percha insulating caps, to preserve them 
from contact with the metal. 

The testing-boxes are very geaeraUy 
made in the shape of mile-posts, wikh a 
small door and lock and key, whieh ia a 
convenient form. 

The advantage of these testbg-poets 
will be evident, as they give the meamsof 
discovering at onoe the pontion ci a firalt 
within a mile without diffionltj or iijaiy to 
the wires. The defective mile can then be examined, either by direct eleetxieal teats 
or, as is more generally done, by cutting the wire half way and testing each hal( and 
repeating this operation until the exact spot is discovered ; but without ineh hteaki 
at intervals, the discovery of a fault would be a very difficult operation, requiring 
careful' and delicate electrical tests, and even then the results would be uncertain. 
The joints in underground wires must be made with the greatest care. Fig. 89 

Fig. S9. shews the manner in whieh ihtj 

are efiected. The gutta-perdia ia 
removed from the ends of the 
wire for a short distance, and the 
wire cleaned with aand paper; 
the ends are then filed to a betel 
so as to fit together, when they 
are spliced together by fine eopper 
wire bound round them. The joint is then heated in a spirit lamp and ablder 
is applied.* The wire and gutta-percha near the joint are then warmed in the 
spirit lamp, and the gutta-percha tapered over the bare wire until the ends meet ; it 
is again warmed and a strip of thin sheet gutta-percha, about | inch wide wound 
spirally over it, and pressed on till cool. Its surface is again warmed and a second atrip 
wound on in the opposite direction, — and for a very perfect joint a third strip may be 
advantageously employed ; a piece of j inch sheet gutta-percha is then applied in the 







* Tho Gutta-Porclia Company use a second fine wire wound over the first, and soldared only 
at the ends, to preserve the contintiity of the conductor should the Joint be separatod by a i 
The ends of the wires are sometimes twisted together ; but this mokes a clumsy Joint 
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aame maimer, and, when cool, finished off with a warm tool, made for the purpose, 
working the old and new gntta-percha well together. Moisture, grease, and dirt 
shoold be ■empnionsly ayoided, and care should be taVen not to bum the gutta- 
percha. When india-rubber is employed next the wire the insulation at a joint is 
made good by winding thin strips of india-rubber oyer the joint, and covering it with 
sheet gntta-peroha in the same manner as before described. 

In a oommerdal point of view it is not considered worth while to bury only one 
wire, the value of the wire being small compared with the attendant expenses, and 
the adTUitage of having a second conductor, in case one should fisiil, being very 
great 

"OM TBM OOVSTBUOriOV OF SUBMARin TELEGRAPH CABLES, BXT&ACTSD FROM TBI 
BSPORT OF THE OOMXITTBI OV 8UBXARIKB TELEORAPHS. 

"1. TheCcmdueting Wire. — The conductivity of the metal, other circumstances being 
the same, does not influence the amount of induction ; a bad conductor, therefore, 
inereMea the resistance^ the induction remaining the same. Hence the conducting 
wire should be formed of the material which possesses the highest conducting power 
which can be selected. To ensure this it is desirable in contracts to provide that the 
conductivity of the wire shall be equal to that of a standard wire at a specified tem- 
perature, and then what the wire wants in quality must be made up in quantity at 
the contractor's expense. It is, however, better to obtain the material with the 
highest conducting power, because the larger diameter of the inferior conductor would 
give rise to increased induction. The standard wire should be of some metal or alloy 
not liable to oxidise^ and not subject to rapid variation in conductivity from change 
of temperature. The metals and alloys we hare described in an earlier part of the 
report appear well adapted to the purpose.* 

'* The oonduetor should be formed of a strand of wire, or of some modification of the 
stnmd form, so as to prevent the firacture of one of the wires rendering the whole 
csUe useleo. 

"2. ThelnnUating Covering, — Of the materials which have been submitted to us the 
best insulator byfisr is india-rubber. Wray^s compound (a mixture of india-rubber, 
shellac, and silica), and pure gutta-percha, nearly resemble india-rubber in its 
insulating properties. 

** The induction discharge is directly as the length of a wire. The amount of induc- 
tbn diKharge from wires of different diameters with coverings of various thicknesses 
of the same insulating material may be assumed to be, for practical purposes, directly 
fts the square root of the diameter of the wire, and inversely as the square root of the 
thickness of the insulating envelope. 

" Henoe by increasing the diameter of the wire and the thickness of insulating cover- 
ing in the same proportion, the amount of inductive discharge remains the same. The 
foroe of the current in a voltaic circuit increases as the square of the diameter of the wire 
(the length of circuit being constant, and the resistance of the battery being inconsider- 
able as compared with that of the metallic portion of the circuit), consequently, if it be 
found inconvenient to increase the conducting wire and the insulating covering propor- 
tionately, greater advantage will be obtained by increasing the diameter of the wire 
than the thickness of insulating covering, for whilst the covering remains the same 
the induction discharge increases only as the square root of the diameter of the wire, 
whilst the force of the current increases as the square of the diameter ; and if the 
insulating covering be varied, the conducting wire being constant, the strength of the 



* 8ocpageC41. 
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current will remain the same, but the induction will only decrease as the aquare root 
of the thicknesB. 

** India-rubber surpasses all other materials in the smallness of the amount of its 
indnctiTe discharge and the perfection of its insulation. A ooatiDg of india-rubber is 
fully equal to a coating of the gutta-percha, hitherto in use, of double its thickness. 
"Wray*s compound and the recently manufactured pure gutta-percha closely resemble 
india-rubber in both these respects. The mixture of imperfectly conducting materials 
with gutta-percha has the disadvantage of greatly reducing the insulation and 
increasing the induction. The interposition of cotton-thread between the wire and 
an insulating coating considerably increases the induction and diminishes the insula- 
tion. The induction is augmented because the cotton-thread, which is a bad 
insulator, increases the surface of the conductor ; and the insulation is impaired, not 
only because the insulating coating is diminished, by the thickness of the cotton, but 
probably also in consequence of the great inductive action. The interposition of 
cotton between two layers of insulating material is equally disadvantageous. The inter- 
position of a viscid insulator between two coatings of insulating material neitlier 
decreases the induction nor improves the insulation of the line, but the viscid fluid 
has a tendency to fill up air holes or flaws in the insulating coatings. GeneraDj 
speaking the more perfect the insulating property of the material is the less is its 
inductive capacity. 

" India-rubber and Wray's compound are not perceptibly affected by any ordinaiy 
increase of temperature, but increase of temperature has a very decided influence in 
diminishing the insulation of gutta-percha. This substance is, therefore^ not well 
suited for cables to be laid in tropical regions. Temperature affects the induotioiii dis- 
charge only in BO flEur as it affects the insulation. 

'* India-rubber and gutta-percha are subject to deterioration by exposure to the 
action of oxygen in the presence of solar light ; but when light is excluded gutta- 
percha will remain for months, and india-rubber for a considerable period, unchanged 
in air, and both will remain unaltere<l for years in water when light is excluded ; 
indeed, sea water is peculiarly favourable to the preservation of gutta-poobai 
especially when coated with Stockholm tar. As regards Wray*s compound, we 
have seen a specimen of his No. 2, which it is stated has been exposed to alter- 
nations of temperature and exposure during two years, but sufficient time has not 
elapsed since its introduction to enable us to express a definite opinion as to its 
durability. 

'* India-rubber, gutta-percha, Wray's compound, and Chatterton*s compound, all 
absorb water ; the absorption is more rapid from pure water than from sea water, 
and more rapid from sea water than from concentrated brine. The thickness of the 
material affects the rate of absorption in a peculiar manner. The absorption of water 
by thick sheets stops short at a limit which is rapidly exceeded by thin sheets ; 
pressure does not appear to increase the amount of absorption ; and it does not 
appear that this absorption is to be feared as a cause of deterioration in submarioe 
cables. 

<* Pressure greatiy improves the insulation, whilst it is being applied, and this effect 
is more perceptible as the substance is a worse insulator ; but it does not appear that 
pressure exerts any influence on the amount of indnction discharge. 

"The manner in which gutta-percha can be manipahitcd and placed on the wire by 
being forced through a die, renders it less liable to flaws when laid over wire ^ sn 
india-rubber ; but india-rubber is generally more free &om impurity than ordinary 
gutta-percha. The more perfect insulation afforded by india-rubber, pure gutta- 
perdia, and Wray's ocoDpound, enables flaws to be detected which would paM 
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nimoiioed with ordinary gatta-peroha. The occurrence of flaws in the insulating 
oorering of condncting wires can be best guarded agamst by kyiug on the material 
in sereral coats, and by testing each of the coats under water at a specified tem- 
perature. These electrical tests should be continued during the covering, and 
whilst it is being submerged, in order that comparatiye results may be obtained 
throughout, 

"8. The External Protection, — The form of the outer coTering must in each ease 
depend on the local circumstances affecting the site in which the cable is to be laid ; 
and in selecting it, regard should be had to the fact that it is necessary to provide for 
the repair of the cable everywhere, except in depths which interpose a limit to the 
poenhility of raisng it. 

"It should be such as to protect the internal core against injuries or strains in laying 
or in raising for repairs, against the attacks of marine animals, and against abrasion 
upon a hard bottom ; and it must be capable of having joints made in it with ease. 
It should be such as to give the cable sufficient specific gravity to ensure its sinking 
evenly. The material by which strength is given to the cable should be effectually 
protected against corrosion, and should be arranged so as to furnish the required 
strength with the minimum amount of elongation. 

" The suggestion that the materials used in the external covering should not be 
sufficiently good insulators to prevent the detection of injuries to the internal core 
during the process of covering, is one which deserves consideration. 

** i. General Conelugion a$ to Form of Cahle. — The construction of a shallow water 
caUe must, of course, differ from that of a deep sea cable. The shallow water cable 
will not be much subject to injury in laying from the strain brought upon it, but it 
will be liable to abrasion and injury from currents, anchors, and other causes, and 
must, therefore, be constructed with a view of being raised frequently for repairs. 
For tills class of cable the preservation of the outer covering from corrosion is of first 
importance. The most desirable covering would, if it could be found, be a strong 
metallic covering not liable to corrode in sea water, rather than iron wire covered with 
hemp or other materiaL For cables beyond the reach of anchors, and even of strong 
currents, it may be necessary to employ iron or steel wire to obtain the necessary 
strength for raising for repairs, either during laying or after they are laid. In this 
esse the danger from abrasion is less, and the iron or steel wire most be protected 
from corrosion by means of some outer covering. We think such a covering is to be 
sought in tarred yarn, protected by some cheap compound of gutta-percha or india- 
rubber. The wires by which strength is given should be laid longitudinally, or with 
a very slow turn, and must be kept in place by special binding, or by means of the 
covering compound. Cables of this general form may also, we believe, be made 
applicable to the greatest depths which will be met with. In any case the outer 
covering should be so devised as to prevent a strain coming on the core ; and the 
specific gravity should be adapted to the depth, and be such as to ensure the cable 
linking evenly, 

''With our present experience, we believe the safest core for a submarine cable is a 
strand of purest copper wire, in which solidity is obtained by one of the arrangemente 
before mentioned, and coated — according to the locality in which it is employed — with 
purified gntta-percha or with india-rubber protected by a covering of gutta-percha, 
and the whole served round with tarred hemp to form a bed for receiving the pro- 
tecting external wires : each coating of insulating material should be tested in water 
of a specified temperature to ascertain that ite insulation was equal to a specified 
standard. The size of the conductor and the thickness of tbe insulatbg material 
ahonld be such as to allow of the line being always worked with moderate currente* 
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A long cable muBt^ howeyer, insulAte Buffidenily to resist the tension Arising from 
currents termed * deflections,* or 'earth currents,' which Mr. Yarley states hare sobm- 
times, in a distanee of aboat 70 miles, a tension of more than 100 cells of Daniel's 
battery. • 

*^ LkJntQ AKD MIIHTENAVOB OV SUBXARINB CABLU. 

<< Before the route in which a submarine telegraph cable is to be laid is decided oo, 
a careful and detailed survey of the nature and inequalities of the bottom of the sea 
should be made, and that line selected where there are fewest probabilities of injuries 
from mechanical or chemical causes, and where (if possible) the depths are such as to 
allow of the cable being raised for repairs. In such a surrey it is of more eonsequenee 
to ascertain the relative differences of level of the bottom of the sea at every st^ 
than the actual depths ; and it would be of great advantage for this purpose if some 
instrument could be devised which would enable the actual outline of the bottom of 
the sea to be traced. The actual position in which a cable is laid should be defined 
with the greatest precision attainable, to facilitate future repairs. 

** AppcwcUus for Laying Submarine Cables, — The fedlures which have oeeuired ia 
laying submarine cables are mainly attributable to the employment of ships which 
have not been constructed for the purpose, and of defective paying-<mt appaiatas. 
This latter must depend so entirely upon the form of cable to be used, and the depths 
in which it is to be laid, that it must be left to the engineer to devise in each ease. 
In depths where repairs are possible^ the amount of slack paid out should be sufficJent 
to enable the cable to be raised without injury for repairs. 

** The question of the ships to be used je one of great importance^ to which suffieiflnt 
attention has never yet been paid. The ship should be of large capacity, to admit of 
the cable being coiled easily without ii^'ury, and great care should be taken to iaolate 
the hold from the engine-room ; it should be of a form to allow of the cable being paid 
out without any material alteration in the trim of the ship taking place ; it shovld 
have sufficient power to enable it to maintain a speed of from 4 to 6 knots per 
hour in the direction in which it is proceeding, in any weather ; and it should be wy 
steady in a rough sea. These qualities point to the necessity of special ships being 
built for the purpose. There are difficulties in the way of this being done by 
contractors for laying cables, because they cannot afford to have ships idle on tlieir 
hands, and they consequently either hire a ship or build one to serve afterwards for 
other purposes. But we believe that a ship of the construction we have shown to be 
necessary for laying a cable would, when not employed in laying cables, be found 
extremely useful for the ordinary purposes of commerce." 

Instruments, 

The electric telegraph instruments now in use, although very various in the details 
of their construction, all depend upon the three following electrical phenomena for 
their efficient working : — 

1. The deflection of a magnetised steel bar, which is free to move on an axis when 
a current of electricity passes through a conductor in close proximity to it ; the 
direction of the deflection being dependent upon the direction of the current and the 
position of the conductor with reference to the magnet, and the effect being greatly 
increased by causing the conductor to pass many times round the magnet through the 
coils of an insxilated wire. These phenomena are made use of in nearly all the varie- 
ties of the needle telegraph and the galvanometer. 

2. The magnetic properties temporarily communicated to soft iron by the pasnge ot 
a enrrent of electricity through an insulated conductor coiled round it, the instant loM 
of its magnetism more or less completely on the cessation of the electric current, and 
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the reTenal of iU magnetic poles on leTening the direction of the corrent of 
eleeiricity. 

The electro-magnet ia employed in aome Tarietiea of the needle telegraph and in 
nearly all other forms of electric telegraph. 

8. The chemical decomposition of certain solutions when trayersed by a corrent of 
electricity. This effect of electrical action is nsed in some of the printing telegraphs. 

The needle telegraph, being the simplest and also that which has been hitherto 
adopted for military purposes, merits our first attention. 

The receiTing part of the instrument is similar to a galTanometer— an instrument 
which u of the greatest use in electrical researches. Galvanometers are of Tarious 
constructions according to the purposes for which they are intended, bat the principle 
is identical in all. A magnetised needle, or bar of steel, is suspended on an axle in 
the centre of a coil of insulated wire, through which the current of electricity passes 
and rereals its presence, its direction, and its quantity by deflecting the needle to the 
right or left with more or less force. When the effects of currents of great quantity 
but small tension are to be obserred, a few turns of a thick wire are used, offering but 
slight resistance to the cnrrent^ nearly the whole force of which is therefore circulated. 
If the current be weak in both quantity and tension, the same description of wire coil 
a used, but the needle is suspended horisontally by a fibre of unspun silk, and the 
force of terrestrial magnetism is overcome by using a second needle of equal magnetic 
force, fixed on the same axis aboTC the other, and pointing in an opposite direction. A 
galTanometer so arranged is nearly astatic, and is exceedingly delicate, the current in the 
npper portion of the coil acting on the lower &ce of the upper needle, and producing 
the same effect as the double current on the lower needle. For currents of consider- 
able tension, and but small quantity, such as practically arrive at a telegraph station 
after having passed through long conducting wires and having suffered much loss from 
defective insulation, a great number of convolutions of a fine wire are employed, the 
resistance of the coU used being directly as the tension, and inversely as the quantity 
of the currents of electricity in circulation. 

In the foim of galvanometer generally used for tel^raphic purposes^ the indi- 
cating needle is vertical, and outside the coils, and is fixed on the same axis as the 
magnet^ inside the coils, which is influenced by the current. The indicating needle is 
itself magnetised in the opposite direction to the latter, in order to iocrease the sensi- 
tiveness of the instrument ; and this arrangement is generally adopted in the receiving 
parts of needle telegraphs. 

The motion of the needle in telegraph instruments is confined within narrow limits 
by means of stops, in order that the beats to the right and left, by means of which the 
letters of the alphabet are signalled, may be clear and distinct ; but in galvanometers 
the needle is allowed to move freely over 90** on each side of the zero point, and the 
degrees are marked on the dial of the instrument. 

Sometimes instruments are arranged with moveable stops, so that they can be used 
either as galvanometers or as telegraph instruments. Such an instrument is shown 
n figs. 80, 81.* This arrangement is very convenient for a portable instrument to be 
used in the repair of a telegraphic line, but is not well suited for general purpose?, 
as the galvanometer needle, to be sufficiently delicate, must be made to move more 
lightly on its axis than is found to be compatible with the dead beat free from oscilla- 
tions reqoired for a telegraph instrument. 

* Hie instrument coils 1 1 are so arrangred that the magiiot can be reachod through the space 
left between them, and re-mognetised without removing any part of the apparatus. The 
stops p p can be drawn bock, by moans of the screw o, when the instrument is to be used 
•a a galvrikuometer. 
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Th« qaantity of eteetricdtj in rnmlmtion cannot be meum^ direellj bj tti« 
of deflectian of the needle of the onlio&iy gsliaiioniet«r, but by ipeciat 




expl«iaed in the uppenJii, the qoantltj of electricity can be compared dira^y »itb 
thennraof the anglea of deflection in one furm of gilvanometer, and vith thetangenla 
of thoH aoglea in another form. The ordinary ealvanometer, hOKCTCr. although it ii 
not a parfeot inatniment, serreB to indicate the eilBtcnce and direction of tha elsctris 
WnB^ and, approximately, iti foroe, and is in moat general naa. If a thick win il 
VMnd 0* tiia tdli, (ba uutrnmeat la loited to tb« nsMoiement of quantily oarttaU, 
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•nd is termed a ' * quantity galranometer.*' If a great length of thin wire be used, it is 
termed an "intensity galvanometer. '* 

The coils of a needle telegraph are generally formed of No. 36 copper wire insulated 
with silk or cotton, and of such a length as to offer a resistance equiralent to from 
14 to 26 miles of the standard copper wire. 

The shape of the magnetised needle in a telegraph instmment is of some import- 
ance, and mnoh attention has been devoted to this point, the object being to obtain the 
form which shall be acted on most powerfully „, 

by the enrrent^ which shall give a *' dead 
beat*' when deflected by the current and 
allowed to return to its point of rest» with- 
out oontmuing to oscillate, and which shall 
retain its magnetism most strongly even 
when subjected to the influence of powerful 
currents of natural electricity. The form 
which appears to combine these advantages 
in the highest degree is that proposed by Mr. 

Highton, and adopted by the Magnetic Telegraph Company. It is in the form of a 
horse-shoe fixed on a horisontal axis in the centre of a circular coil, as shewn in 
fig. 32. The coil is made in two halves, one of which is taken off in the figure to 
shew the magnet with its axle and stops. The dial is also removed to shew the index 
needle^ which in this case is of ivory, hanging downwards, and shewn on a black 
diaL The eye can follow the motions of this needle, without fatigue, more readily 
than those of a black needle on a light green dial, which is the more usual plan. 

The stops which limit the motion of Highton's needle are screws passing through 
the brass frame of the ooil, and acting directly upon the edges of the horse-shoe magnet. 
Rome advantage is supposed to result from this position, in the avoidance of reflex 
oscillations. 

Mr. Walker, the superintendent of the telegraphs of the South-Eastem Railway 
Company, prefers having a number of short, highly magnetised needles placed 
parallel to one another on a disc of ivory, while the more common shape of the 
magnet is an elongated losenge. For short circuits this last form answers very 
well, and being lighter than the horse-shoe magnet^ it is moved by weak currents 
more sharply, and therefore does not need so many convolatioDs of fine wire in 
the multiplier. For long circuits, however, the horse-shoe form is preferred, as 
it is not found to be such a victim to "deflections" from currents of terrestrial 
electricity. 

During the prevalence of aurora borealis, and at other times occasionally, powerful 
currents of natural electricity traverse the conducting wires, and permanently deflect 
the needles of the instruments to the right or left for some time. A slight inequality 
in the axle or its bearings, or in the balancing of the needle, sometimes produces the 
same result. To meet this, the instrument-coils and dials are given an adjusting 
motion of rotation about an axis corresponding with the axle of the needle, which is 
thus brought into a central position with regard to the stops, and the signals can be 
made as distinctly as if no deflection existed, unless the disturbing force be most 
unusually powerful. 

The manipulating keys of needle instruments have been made in different ways, but 
the simplest form is Henley's key, which has been adopted in the military instruments, 
as shewn in figs. 30, 81. 

The two springs $ il are screwed to a block, in such a manner that when at rest 
they press upwards against the metal cross-piece o. To insure good contact with this 
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msbJ, a aUel p<Hiit trith mknj edgei u tinmd to tlie top of ttwfi ij^inA vUA fUMM 
it apwudi Into ft cop in the croa-piecc o. Ths ipringi are tenoiiutad at v > vitk 
fiDger*kc;i of iToi; or ebon;, or aoma other nan-coDdaeting labstuioe. UndaraeaA 
the spriDjl u« two metal pointe, Bgvnit which the; cmn be pioKd down b; the 
finger, and which are in metallic conoection with the liuo pole of ths batterj ; a ii 
in ooDPedioa with ths copper pole ; > is in conDeotion with the eutli, / with the 
line win through the galnuiometei coili. 

A current coming &om the diitaot rtation tniTene* the ooiU of the iMeinBg 
inltTDment, deflecting its needl^ pnimni from c* thnmgh o to (, a>d M to tb* 
earth. 

When t ii preued down, the linc pole of the batteij I« connected with the earth, 
while the copper pole remalni la oonnection tbroagh o and (' with ths plTwumeter ol 
the MndiDg imtrnment, and throueh it with the line wire^ and a poaitiTe mnreBt ii 
InMantlj nnt through the colli of all the instmmenta in tlie oircQi^ and lo to the 
earth at the meat diataot itation. A rerene current is produced bj fmmiLg dowB 
the kej /, and thui the needles of the seading and receiring instrument* are nmnl- 
tansoasl; deflected to th« right or left at pleasure. 

Fig. 33. 




The more usual form of manipnUting apparatai^ and which is neoeasaril; adopted 
In the doable needle iastrnment, is shown in fig. S3. 

n* hnM cjIiDder, a c, ia dlrided into t«o porttaos, insulated from on« uotbcr hj 
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a dnk of iTOiT in the middte ; • ■(«el wm d is fizsd *o tba nppcr •nrAuw of a, 
tnd a eoim^iOBdiiig arm e to tiie lover mirCMM of «, ; d i« in metallia oonnec- 
tio> vitk iha poutire pole of th« txttary throogli a, the aiii a, the ipring x' 
««d tlw Bfttal eram«eUon to ths binding icrow p. « i» limilarlr in Mnnection vith the 
nagaliTe poI« tbrongh x and v. The two ipringe t and i aie in connection trith 
be Unding ktiw t, to vbich is altnclied the earth wire, and the two corresponding 
fpiingl on the other nde, i* t', are in connection pjg 34 

witk DBB aztmnitT of the wire of the galrano- 
■atar aJU, and tbrongh it with the binding 
•ore* 1, to whieh the line wire U attached. 
Wkaa at Mat tiie two «prings 1 1* bntt aguaet 
the motaUIo pointi at / ; a current of eleetridtj 
•niTing at 1. tnm t, diatant rtatioa can then 
ti »Tei»e the eoiU of the galTanometer, defieoting 
ila needl^ pan from a' to E throngh the points at 
/, and 10 to T and to the earth, 
A bandle is fixed to the other eitremitj of th« 

ha rotated to the right or left. 'When tnmed, 

••'ihown in the figure, the arm tt prease* agiUnat 

Iha spring a", forcing it away from / and making 

a metallie eonnection between the podtiTs pate 

of the battai7 and the initmmenl coil, and 

throngh it with the line wire and the distant 

iMirnment, at the same instant the arm e presses against the ipring t, thnscuaneding 

the Bt^itlf e pole of the batterj with the earth ; a poiitiye cnirent thus is sent 

ttmngh the inslnuacnta in drcoit, and the needles nre deSected accotdinglf ; a 





partial lotation of the cjlinder ae, in the oppoeile direetion, roTerses the con- 
naslions and send* a negatiTe cnrrent on the line, prodncing a deflecUon of the 
Medlea in the oppoute direction. 
The tnaiJpBlating handles are shewn in fig. 34, which gites a froAt new of a donbls 
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needle inBtrainent. This arrangement of key ib werj perfeck> bni ii more oomp1ie>ted 
than Henlej*!, and therefore not ao well aoited for military telegrapha. 

The double needle inaftmment is merely a combination of two nngle needle instm- 
mente. It requires two line wires inatead of one ; but the increased number of 
distinct signals which can be made with the two needles enables a despatch to he 
transmitted more quickly than with the single needle instrument, and it is adopted 
on most of the railways in EngUnd. The ordinary rate of signalling is from 16 to 
18 words in a minute, and as many as 25 or even 30 words hare been read in speoial 
eases. In case of injury to one wire the other is available^ and the instrumeiits 
can be worked as single needles. The seoond wire is also very useful during 
magnetic storms, the deflections of the needle being obriated by using the seoond 
wire for the return current instead of the earth. The alphabet used with the double 
needle instrument will be understood from fig. 35, which represents the fikoe of 
the instrument with its two needles. The letters ▲ to o are made with the left-hand 
needle ; thus, ▲ = two beats of the upper part of the needle to the left, ■ = one 
beat to the right, o = three to the right, o = one to the right followed by one to the 
left, n the reverse of o. h to p are signalled in a similar manner by the zight-hand 
needle. The letters on the lower parts of the dials are made by moring both 
needles at once ; thus for 8 the needles are simultaneously deflected twice to the 
right (their lower extremities pointing towards the letter), for t the lower extremities 
of both needles are deflected three times to the right, q is represented by the two 
upper extremities being deflected inwards, z by the reversed position of the needles. 

A special alphabet was formerly used with the single needle instrument, but the 
European Morse Alphabet has lately been adapted to it, by using the beat of the 
needle to the left to represent a dot and the beat to the right to represent a datk. 
This simplification is an important adTantage. 



THE EUROPEAN MORSE TELEGRAPH ALPHABET AND SIGNALS. 

Alphabet. 



Megnetlo, or 
Printing. 


Single 
Needle. 


1 

Megnetic, or 
Priutlng. 


Single 
Needle. 


i . ■ ■ 

Magnetic, or 
PrintlBg. 


Single 
Needle. 

\\\ 

/ 

vy 

,y/ 

vvy 

y/ 

/J 

/Jl 

//// 


A . _ 

&(«) 

B 

C 

D 

E 

P 

G 

H 

/ -- 


y 
yy i 

Ass 
M 

An 

Ws 
//s 

WW 

w 


K 

L 

M 

N -- 



6 (oe) 

P 

Q 

R 

1 


y// 

/y 

y« 
// 

A 

/// 

//A 

yA 
//y 


S 

T - 
U 

ii (ue) 

. V 

W 

X 

Y 

Z 

jCh' 



French accented ^ . . C\>A\) 



* N.B. — Ch must always be sent and never as separate letters. 
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Additioral Sigvals. 



T Understood 


• • 


lorB Not understood 


• • 


Comma 


• ■ 


8 Q PqU stop (.) . 


• ■ 


H Q Wait . 


• • 


G Q Fresh paragraph 


• • 


P P Parenthefiia ( ) 


• • 


C C iDTerted oommas 


/a <n 


L L Underlined 


• • 


DQ End of address 


• • 


M H Instmctions after 


message 


P Q End of message 


• • 


Correction (in sen( 


ling) . 


R B AU right 


• • 


Repeat, or ? 


> • 



Hagnetie, or Printing. 



Single Needle. 



^ For prlnUnff. 



/ 



xvv//y 
////J 
iiJij 

IJU 

II /I 

slUIJ 

y/yy// 

ss /Ax 



SlORi.L8 FOR NUMBSBS. 



Magnetic, or 
Printing. 



2 

3 

4 



Single 
Needle. 






Mugnetio, or 
Printing. 



6 

7 
8 
9 




Single 
Needle. 



'^ww 



x 

//An 

///A 

///// 



In telegraphing mwiahen on the needle instmments, give the signal F I before the 
figures and I P after them, sending each figure in succession. 

It will be observed that Morse's alphabet is applied to the ordinary single needle 
iiMtniment by using the beat to the right (/) for the dash ( — ), and the beat to 
ths left (\) for the dot (-). In using the magnetic single needle instrument^ or 
the printing instrument, the di£ference between doiM and dcuhet must be made by 
iimtf bat in using the ordinary voltaic single needle instrument the beats to the right 

_ ld!'(«irw ^^ ^^^ ''^^ ^ made at an uniform rate, and as 

^ ^ quickly as the eye can follow them accurately, a 

momentary pause being made after each letter. 




CODE TIME. 
Ilours. Miu. 

7 

8 15 

11 69 

12 12 



would be sent G 
CC 
LLX 
HBS 



}> 



>» 



)» 



*9 



tt 



ft 
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Hides for Spacing, The length of a dot being taken as the unit. —1 . A daah ia equal 
in length to 3 dots. 2. The space between the elements of a letter is eqnal to 1 dot. 
8. The space between two letters of a word is eqnal to 8 dots. 4. The space between 
two following words is equal to 6 dots. 

The above rules are illustrated by the words below, "at the honr named" — 
a t t h e h o 

iruiouj^ijLnjiJiuii.^^ 



m e 



jinnjiniLJiFJFLJTUnnrji 



In sending through long circuits, especially if submarine or subterranean, the dots 
must be made firmly and distinctly, thus, , and not thus, .... 

When several stations are connected by electric telegraph, each station should 
have a distinct "call signal," such as D iS; NCy kc. The prefixes 8 A^ and Z A, 
are also used to denote that the message is on service, or privcUe, 

In sending a message from one station to another^ the following system should 
invariably be followed :— 

1. Give the call signal of the station to which you are sending. 

2. When you have received the answer, send your own call signal. 

8. When you hare received the answer, send the proper prefix, then the code 
time, and then the number of words in the message about to be sent, indoding 
the addresses, but not including "from'* and "to,** whicb words are i>rinted on the 
form. 

4. Send the addresses of the persons from and to whom tha mesnge is lent^ and 
give the signal D Q. 

5. Send the message. 

6. If necessary, give the signal M M, followed by instmetions how the message is to 
be forwarded. 

7. Signal P Q* signifybg the message is completed. 

8. If the number of words sent back by the receiving station is not oorreol^ send 
the right number again, and then send the initial letter of each word of the address 
and message until the mistake is discovered. 

In receiving a message — 

1. On receiving your call signal, send back the same to signify yon are al your poat 

2. On receiving the call signal of the sending station, send back the same, aigni^iBg 
yon understand. 

3. Receive the message, ^ving the " understood*' or " not understood" al the end 
of each word. 

4. Count the number of words you have receiyed (as above). 

5. If there is an error, send " !** and the number of words you have recdved. 
Tou will receive the correct number again, and then the initial letter of each word, 
which must be repeated back until the error is discovered. 

The great advantage of the single needle instrument is its simplicity ; it is the 
simplest and most portable form of telegraph, and so efficient, that the Magnetie 
Telegraph Company still employ it on their busiest lines. As many as 20 words in a 
minute can be transmitted and read by expert operators ; from 12 to 14 woids is 
however the ordinary rate. 

In needle telegraphs, the person sending a despatch sees the working of his own 
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BMdlfl^ whioh aansts him in aendiog eorreetljr, and he is always in direct oommnni- 
catbn with the distant station without the necessity of putting clock-work in motion, 
or any danger of the two instramenta not being in adjustment together, as in the 
printing or letter-showing telegraphs. 

The instrument coils offering a comparatively feeble resistance, four or five instru- 
ments ean be put into the same circuit without difficulty, and the same instrument 
can receive and transmit in either direction. 

The disadvantages of needle instruments are that they do not record the messages 
sent, the strain on the eyesight is considerable, and two persons are required to i*eceiTe 
a message quickly, one observing the motions of the needle and dictating the message 
aa it ia receif ed to the second, who writes it. 

Messrs. Bright have patented a telegraph which is used in combination with single 
needle instruments on the lines of the i3ritish and Irish Magnetic Telegraph Com- 
pany. Two bells are used, one having a shrill tone and the other a deep tone. 
These bells are struck by small hammers set in motion by electro-magnets, the 
shrill tone corresponding with the deflection of the needle to the left, or the dot, 
and being produced by a current of negative electricity on the line, and the deep tone 
eorreapondiug with the beat to the rights or the dash, by a current of positive 
electricity. A practised clerk can receive by ear, with this instrument, as quickly as 
he ean write, and he is always in direct communication with the sender by menns of a 
sbgle needle instrument at the sending station. The belU require, however, a strong 
current of electricity to produce a distinct sound, and relay magnets and a local bat- 

■ 

Ubtj are necessary, which will be described under the head of the Morse instrument 
an arrangement of mufflers to deaden the vibrations of the bells is also used, and these 
eomplications unfit the instrument for military purposes. 

A simple instrument, giving two distinct sounds corresponding with the dot and the 
dash, and showing also the movements of the needle to the right or left, might pro- 
bably be constructed, which would materially assist the receiving clerk and enable him, 
after some practice, to write the message as he received it by sound, and thus save 
time or a seoond clerk. Steinheil constructed an instrument which appealed to the 
senses both of sight and hearing, in the early days of electric telegraphy ; but it 
was never brought into general use, probably on account of its being too complicated. 

When several needle instruments are in connection in the same circuit the line wire is 
cot at each station, and the ends united by an insulating shackle, from each side of 
whieh a wire is carried into the office, one being attached to the earth wire terminal and 
the other to the line vire terminal of the instrument. Each instrument has its own 
battery, and is thus always ready to receive or send a message, which will be signalled 
at every station in the circuit — the currents passing through the whole line and all 
the instruments from the earth at one extremity to the earth at the other extremity of 
the line. 

When several instruments are thus in circuit, it is often useful to break the con* 
tinuity of the line at some point so as to form two or more independent circuits ; thus 
if stations A, B, o, and d are all in connection. Each instrument has its battery, but 
only the two terminal stations have earth wires, the current passing through the 
instrument coils of the two intermediate stations. If a wishes to communicate with 
Bf the message can be read at o and d also, and the stations c and d cannot com- 
municate untU A and B have ceased. Arrangements called *' switches" or ''com- 
mutators" are used to obviate this difficulty — a simjAform is shown in fig. 85. Three 
brass plates a, 6, c, are screwed to a piece of varnished mahogany, and holes are bored 
$ix, y, z. Wires are brought from the earth terminal and line vire terminal of the 
instrument to binding screws at a and 6, and c is connected with the earth : a brass 

YOL. IIL X X 
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pin can be inserted in x, y, or z. If plaoed in x, the carrent between tlie other 
stations will pass from a to 2> through the brass pin without affecting the insira- 



Fig. 85. 



JUm 



»Hre 



Xin% nfiro 




C 



^ eartU 



ment in connection with it, and the 
resistance of its ooils will thos be 
taken out of the line. If plaoed at y, 
the instmment is in direct oommoni- 
cation with the stations on the righti 
the currents arriving from that side 
passing through the instrument to 
Oy and through y to the earth plate c. : 
and if the pin be placed in s, the 
instrument is in communication with 
stations on the left in similar man- 
ner, the other part of the line bdng 
left free for communications between 
the remaining stations. 
Needle Telegraphs are sometimes made with a horizontal needle, arranged in the 
manner shown in the sine galvanometer, fig. 53. A permanent magnet must be 
pUced near the needle to bring it to rest at sero. This method la adopted in India 
and is fonnd convenient^ as, by varying the position of the magnet, the disturbing 
influence of terrestrial currents is counteracted. 

Needle Telegraphs have also been constructed in which the deflections to the riglit 
and left are obtained by electro-magnets, instead of by the usual arrangement of the 
galvanometer. This system is recommended by some authors on aooount of the 
superior sharpness and distinctness of the beats over those produced by the gslvano* 
meter arrangement ; but it has not come into general use, because it requires more 
powerful currents of electricity, and either balance springs or reverse curreDis of 
electricity must bo employed to overcome the residual magnetism of the electro- 
magnets : moreover, the magnetised needles must be carefully adjusted as to their dis- 
tance from the armalares ; if they touch them they will adhere. The electro-magnet is 
not employed to advantage when it has to move its armature through any diatanee^ 
its force decreasing as the square of the distance. lo the galvanometer the maximum 
force is employed to overcome the inertia of the needle and deflect it from its normal 
position, and the force decreases as the deflection increases. When electro-magnets 
are employed for the purpose, their minimum force acts at first, and it increaaei as 
the needle is deflected and approaches the attracting pole. 

Magnetic electricity has been largely employed for needle telegraphs. Mr. Henley 
manufactures an instrument on this principle, which is shown in fig. 36. ▲ ia a per- 
manent magnet, n and 8 its north and south poles, b is a portion of a hollow brass 
cylinder, or wheel, on the surface of which are fixed pieces of soft iron, a a' o^, and 
which is moved through a small arc on the central axis o, by means of the lever and 
handle h, its motion being limited by the stop n, af^aibst which two projections p^, 
padded with india-rubber, strike, fi being bcHvier than H, p' buts against D when the 
instrument is in its normal state, s is an electro-magnet, its poles being horisontally 
beside one another, and so placed that a a' a" pass very close to them, but do not touch 
tbcm. In the normal position, a is opposite to K, and to the left hand pole of the 
electro- magnet, communicating to it, by induction, s polarity ; a* is opposite to 8, 
and to the right hand pole of the electro-magnet, which thus becomes a v pole ; a* 
is inactive in this position. When n is depressed, a is removed from its position 
opposite the left hand pole of tho electro -magnet, and is replaced by a", which com* 
munieates to it v polarity, while a', still opposed to the right hand pole of the 
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deebm-UAgnet, i* Mmoved from the influeiiM of a, *nd brooghk opposite ir, thai 
tereniiig tin ■gohaitj of x. At cacfa rererul of (he poUtrilj' of i, a neineiitUT our* 




rent of indnced eleetricitj circulate! throngh Its caiU, Thich, being in eammaiiioittioti 
at ons extremitj with the wrth, and At the atlier vilh the coili of the electro -mtgnet 
of iti neeptoT, and k> through the line win to the diitant statioD, aCTeet* both the 
Deadle* »t Ui« nme moment. In thia inetmment the needle ib alvaji acted apon 
hj altenaiing isTene oairenta of momentary dnrttion, an^ therefore it ie necMMtry 
lo tonpsr tlie polee of the electro -magnet of the receptor ilightly, in ord«r that they 
may retuD some of the magnetiem eommnnieated to them by the momentaiy carreuta of 
Indoecd eleetridty, and bo hold the needle over to the aide to vliich it may have been 
ileflectad nntil the reTene correot, deitroyiDg the reiidaal magnetism, imparts magne- 
tiwm of the opposite kind. The deflection to the left ie t;iken ai the lero correspoad- 
ioi with the Dormal position of the loTcr B B, and the deflectiana to the right ar« 
gim difictmt dnntiona to aignify the dott and daiha of the Morae alphabet. 

Tha ripude gir«a by thii Jnatniment are not ao diaUnet and rapid and eaaily read 
at thoaa on the aingle needle ioatmrnent voiked by Tolbaio electricity, the ugnals 
npnaentug the dot and the daih on the latter being deflectlDua to the left or the 
ii|ht, vhidi can be made wiUi anifoim rapidity, the lero being the Tcrtieal poaitiaa of 
the DMdle. The indnced electricity obtained from magnela baa also the diaadrantage 
if being dereloped under oonuderable tenaion vhile it ii amall in quantity : theae oon- 
aiioa* reqnire very perfect insulation Id the conducting vires. 

Tba degree of tension may be lowered eonaidonbly by employing a thicker wire on 
tbe eleetn-magnet. A large pair of magnete, weighing about SO Ib9. each, and faaving 
■laetn>>magMta wound with Xo. 26 wire, gave eorrenta of conaiilerable quantity and 
«f eoapustirely low tension : the re^tance of the ooila vaa aboot 20 miles. They 
were eonatnieted to work thtoogh 300 milea of OTcr-grannd wire. A pair of aimilar 
aagnst^ having their ooila wound with No. 40 wire, of such a length u to giro a 
leaiatanoeof between 200 and 300 miles, produced a corrent of much higher tenaioa and 
laaoh smaller in qoanUty : the least defect of inanlation was sufficlcat to cut off the 
eonmnnication between these iostniments. Per example, they worked perfectly 
thnmgli a well insulated cable lOS milea long, between Hahon aud Barcelona; bat 
a with a cable S4 milea long, between Dieppe and Beachy Bead 
xx2 
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the insnlntiaD of wliich wu imperfect, no idgsalB could be buumittod, ■IthiMtli 
weak ngoab were abtaiiie<l bj the ass of 36 oelli of Daniel'i batter;. 

Thsfurm of lIi«ariiiatareof theelectro-mlgnela In the reeepton of these ioiba- 
F>g ST. meutB la choim in fig. 37. Tbe needle i( attracted bj two ef 

the extremilicB of the bonis, sod repelled by the other two; 
whenthe eairent ia roTened in the eteetro- magnet, the attiae- 
\ Uons and rspoluans take p1ac« in the oppoaite direetioD. 

In order to reduce the leiiitaDce in the oircDit,tbecoib of the 

tatge elKtTD'ir.agnet are excluded vhea the instniment ii in 

the position for receiTing, b; the eonUct between tbe ipod t 

' and tbe ipring /. / ie in eooneetion irith the Miih, and 1, 

tbrongh the bisii tiwneTOrk of the inetnunent, vith the oml 

of the electro-magnet of the receptor. 

Before diimicsDg the eabjeot of needle telegraphs a brief notioe mott be nutde of 
ProfesKtr Thomson's reOecting ^Tanometer, whioh was the Dnl; inatrnment bj meaiii 
of which messagei could be transmitted throogh the AtlanUo oibla dniing the last 
dafsof itilife. It consists of a light magnetised sImI needle^ aoipended by unspnn 
silk in the centre of ft coil of fine wire; a small mirror is cemented to the niiddl«^ and a 
Umpis placed so that its light may be refieeted by the mirror. ATeiy slight movement 
of the needle canies a conudenble moTement in the spot of ligbt which is thrown npoa 
a gradnated arc of a ciicle. The needle is broogbt to its sent by means of a magnet. 

This arrangement was found Tciy neeful on board ship in laying the Atlantie 
cable ; the needle, being napended by its centre of graTity, was net afleetad by the 
mottonof the Teuel. And after tbe fa alts in the cable had redaced the force of tbe 
CDTTcnta arriring from Newfoundland to so low a decree that no other instmlDent 
wonid giTO any indication uf tbe aignnls, this delicate galranometer continued to 
work salttGKtorily, until the faults increased so fu' aa entirely to cut offtlMwm- 
mauicatian through the cable. 

3ial Ttlofraphi, — These instruments are chiefly ralnable from their not requiring 
any special training in tbe operator, a very littlo practice enabling any one to Bead 
or reeeiTc a despatch by their means. Tbey are mnre complicated and eipenaire than 
tbe needle telegraph, aud tbe same rajiiditj of tranemissioa cannot be attained with 
them as with the latter. They hare tbe lame disadrantagea of not reoording their 
meiBBge, and req airing two clerks, one to receive and the other to write. The simplest 
of these instmnients is probably Henley's dial telegraph, shown in fig. 3S. 

Tbe horizontal dial, carrying the letters, la aapported aboTe the base board of the 
inatroment by a Tertlcal rod, which passes thrungh tbe hollow aiia x of the braa 
wheels W «'. Tbe handle d is alao attached to i by an arm nndemeath the dial, ao 
that as the handle ii moved round the dial the wheels move with it. o la a oom- 
pound horte-abiie magnet ; its power (depending chiefly on the number of laminn er 
plates) is anited to the electrical resistance of the parUcnlar cirouit thrangh which it 
ia intended to work. 

The magnet is generally powerful coongh in these instrument! to work asotbei 
instmment at any distance up to 60 milea. c ii an electro- magnet, the core 
being in the form cf a horse-shoe, and the poles being Tertically aboTc one another, 
and between the two poles of the permanent magneL On the cirenmferonce of each 
of the wheels w w" are aecnred 13 pieces of soft iron o, a, a,— a', a', a', of sooh 
a alif, and so placed with respect to one another, that at tbe moment when a is 
opp< site to the nortli pole of the permanent magnet, o" is oppoaiie to the south pol^ 
o imparting by induction north polarity to the nppcr end of the electro-magnet, while 
a* Inparto aouth polarity to the lower end. A rercrae action takes place when tbt 
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budle hM b««n marcd tbmigh the iSA pui of (ha drcimiftniica of the circle 
(eanrnpoDding with the diatanoa hetv«ea two letten) : at the inaUnl oi web rerenal of 
Iba pola of the aladro-migset cSected ia thia maoiier, onmnti of electrioitj in 
kheriMt* diR«tiou pan Ihrongh its ceili. 

One oitremEt; of the coil wire ii coDDeeted with the earth, the other with the coili 
of a amall eleotro- magnet (behind the iWjeiTing dial of the inntnunent), throng which 
eadi iodaeed cnmnt pane^ then traveraea the line virs to the diatant inatnunent, 
M thronih the etnla of the electro-magnet of ila receptor, aod ao paaie* to tiie 

Fiff. as. 



Mrth throngh a abort circnit formed b; the apring a, and fticrewon the neUlplata n; 
tbeaa toach each other onlj when the handle U brought to aern, a roller r on the 
■pring paadng at that moment iato a notch on the nnder aide of the tower wheel, and 
ttna alloTiog e to riae and come into contact with b. The object of tbia ia to cat out 
o( the dreoit the raaiatance of the coila on the large electro'inagiiet, wbich ia eqanl to 
Hnral milea of the liae wire. 

Tb* alternating caireDta of electricity thoa circulated throogh the ccila of the 
tkotro-magnet of the reoeptor work an eaeapement in the following manner : — 

Fiee«a of aoft iron are Gied on the pole* of the electro- magnet, forlicd at their enda, 
■ad approaching each other very closetj ; the lawm- end of a magnetic-needle hanga in 
the alot ao formed, and being alwaya within and anrrouoded bj the aoft iron, it ia 
aoted npod mnch mare powerfnllj by the magnetic fbrce than if it aimpi; ribrated 
ba t wee u the pain of the electro -miguet. The other end of the needle ia farmed into 
two polleta, whioh, bj ita altemale moTement, act on inclined teeth on the apposite 
Mea of an eaoapement wheel, the teeth being cut in a peculiar wi; to preTent recoil. 

Wie small indci-hnnd of the receptor ia thoa mode to rBTOl'B in the same manner 
m the •econda hand of a watch. 

It will be eridtnt &um this deacriplian that the mnTemenla of Ibe handle d, will be 
tiastlj (bUuwed by the small inden-baul on the receiving diala af both inat.-ninenla, 
Whaterer letter ia indicated bj the poaition of d, being also pointed out by the indei- 
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luuid of Ui« r«ceptora, and tbu meeEttgu c*o b« Mat inil T*cdT«l bj uj p«nM tfttf 
a little proctin vithoat the koowledga of a apedal alf^bet. 

The ipring and battoci on the l«ft of the isitrnmeDt an for lettdiig On indax-bud 
of the receptor, iboold itat uiytimogetwroDg. On alightlf rauiog the ainiiig Ihi 
circuit ia broken with the coils, lo that 9 can be laoTed to the same letter on tbe 
Urge dial that the index poiots to on the dial of the leaeptor, Titfaont an; eoimt 
pautog. On pieseing the liottoa down, a short drcait ia farmed between the two 
outer terminals connected with the line and earth wim, so that the handle s on tbe 
large dial and the index of the reeeiring dial will be mored Bimnltaaeondr round lo 
tero without affecting the distant instromenl. 

An inBtmment very similar in constriction, bnt worked bf Toltalo Electridtj, i* 
made bj the same person, and is prefeiable in some points of view. The rotation of 
the dial ia mure easilf effecteil than in the magnetic instmment, in nnsg which some 
farce ia required to oTercome the attractjon of the magueta : hut for abort permanaat 
circuits the magnets ar^ geneinil/ preferred, because tbe Toltaic batteriea giT* some 
trouble, and the maintenance of a sufficient]; nell iosolated line for abort diataooes ii 
not tlifficDlt. 

Messrs. Siemen* and Hatske have ft magnetic dial telagnph, aouewbkt on tlie mom 
pi_ gg principle as Henlsj'a. Thtj 

ooniider that thqr obtaia 
greater effect &om the Mue 
nnmber of plates of pa< 
manantl; magnettaed ttecil bj 
separating them from oae 
anollier, and allowing each 
one to act indapendantlj, bat 
in the same direotioii, ap«B 
tbe soft iron umatares of the 
electrvmagnet. In thcdr ia- 
alrument the eleetro-nugnet 
is a itrught bar of aoft iroB, 
wound with inealated wira 
and placed TeitieaUf io«de a 
cylinder (a, Gg. 39), which is 
made to rotate on a Tvtieal 
axis between the polea of the 
permanent honc'shoe magnela 
m,iit,m. The cjlinderia made 
of bras% and baa two strips 
a circomference parallel to ila aiii, and in eommnnieatjoa 
with the poles of the soft iron core' of the electrO' magnet inside it. Opponte 
polarities sre induced in these strips of soft iron as thej come ollernately Dppo«l« the 
north and sooth polee of tbs permanent mignetG, and alternate cumnta of positiTe 
and negattTe eleetricitj are thus generated and traosmitled to the distant station, 
■etliog in motion index-bands by an escapement samewhat difTerent ia fonn hot 
similar in principle to Henley's. The serrated wheel, w, enables tbe operator (o stop 
the handle at any particular letter with greater certainty. 

Thciie instroments hare been largely used in Buseia, Qermany, Turkey, and Sweden, 
knd have given great satisfaction. 

Frohaaor Wbeatatone was the first to use a dial telegraph worked by magnetic 
•leotrioit}, and he has latel; improved upon his original instnimeat, which is now a 




of soft 
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most beautiful and perfect piece of mechanUm, thongh soraewbat complicated in its 
details. He uses a constant succession of alternating currents produced by rotating 
armatures, tbe permanent magnet and electro-roaa;net8 being fixtures. A number of 
iD«tal levels are connected with buttons placed round a dial, and corresponding with 
the letters of the alphabet and other signs upon it ; an index- hand is attached to this 
dial, which moves round under the influence of the electric current, and points to any 
kiter the button opposite which may be depressed. An ** indicator '* is attached to 
each instrument, having a small dial and index- bund. The operator with one hand 
eommnuicates a rotary motion to the armatures by means of a small winch and handle 
and multiplying wheel, and with the other presses down in succession the buttons 
opposite to the letters he wishes to indicate. Whenever a lever is depressed, the index- 
bands of the '' transmitter, " and of both the '* indicators," are set in motion, and 
revolve until the letter is reached the lever of which has been depressed, when the 
currents of electricity are diverted into another channel, and the hands stop and indi- 
eate the letter. By the action of depressing any one of the levers, any other lever 
which may have been depressed before is ndsed, so that only one lever cai\ be depressed 
at one time. 

The advantage of this system is, that an uniform rate of rotation bung preserved, 
the force of the alternating induced cun-ents is uniform, and there is less liability to 
error from the escapement failing to move the index>needle^ than in the case of the 
simpler instrument as constructed by Mr. Henley. The force of the induced magneto- 
eleetric current depends very much upon the rapidity with which the contact is broken 
and made ; and a hesitation in the movement of the handle of Henle/s dial may so 
reduce the force of the currents, that the needles at the sending and receiving stations 
Bay not move synchronously.* 

Both systems are, hov^ever, coming into use in our large towns for communicating 
between mercantile firms and warehouses, &c., and appear to give great satisfiictioQ ; 
an alarum bell is generally attached to the instrument, which can be put out of circuit 
by a switch. 

In Prance, a system of dial telegraphs (T616graphes & Cadran) has been adopted ex- 
dosivdy on the railways— a very perfect instrument, invented by M. Breguet, and 
worked by voltaic electricity, being generally used« The mechanism of this bstrument 
is somewhat complicated. The motion of the index-hand is not produced directly by 
the electric current, but by clockwork, the escapement of which is so arranged with 
two ratehet wheels and a catch which oscillates between them under the influence of 
an electro-magnet, that each current of electricity which is transmitted on the line 
releases a tooth of one of the wheels and catches the succeeding tooth of the second 
wheel, allowing the index-hand to perform a revolution of j|th of the circamferenoe, 
or to pass from one letter to the next. The manipulating handle of the transmitting 
dial is in connection with a wheel, having pieces of metal inserted in it in such a 
aanaer as to make and break contact with the battery (or in some cases to reverse 
the current from the battery) 2o times in the course of one revolution, a separate 
pulsation being transmitted for each letter or figure on the dial. 

When several of these instruments are combined in one circuit, each intermediate 
station has two alarums and two galvanometers, one for the line on the left and one 
for that on the right. 

la the normal state of a station, t. «., ready to receive a dispatch from either 



* Siemena and Halske's instrument appoars to hold an intermediate position : more compli- 
cated than Henley's, it ncTertheless seems less liable to error from unskilful manipulation, 
owing to the greater distance between the soft iron armatures and the more rapid motion 
communicated to them by the multiplying wheels. 
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direetioD, the alarum and galvaQometer on each nde are put in commnnioation viUi 
the line wire on that side and with the earth by means of two oommntators, so that 
a carrent arriving from either side rings the bell on that side only. 

When one of the bells is rung, the operator tnms his oommntator so as to throw 
that bell out of cit-cuit, and the instrument into circuit with the line on that aide^ and 
the message is received. 

Should the distant station wish to communicate with the station on the other ode 
of that with which it is in direct communication, a signal is transmitted to that effect, 
which signal is repeated at the receiving station and sent on to the next, and so on 
from station to station ; and each operator, after having done so, turns his commutators 
so as to throw his alarums and his instrument out of circuit, and to allow of direct 
communication, the current passing only through his galvanometers. 

Daring the transmission of the dispatch between the distant stations, the needles of 
the galvanometers are agitated ; when they return to rest, the intermediate stations 
know that the dispatch is finished ; they then restore the connections to their normal 
condition. « 

This is the system adopted on the French lines of railway, and very generally on 
the continent of Eumpe, and which, it will be observed, is moi'e complicated than the 
system of needle telegraphs used in England. 

The advantage is that comparatively untrained operators can work the telegraph, 
but this advantage appears rather problematical, as trustworthy and well-educated 
persons must always be employed on such duties ; and the alphabet and manipulation 
of the needle telegraph becomes perfectly familiar to an intelligent person of good 
education in about a month, while its superior simplicity and cheapness, and less 
liability to get out of repair or out of adjustment, and also the greater rapidity with 
which messages can be transmitted, appear to justify the preference given to needle 
telegraphs in England. 

PBINTIKO TELKOftAPHS. 

The most simple and most generally used of these is of American origin, invented 
by Professor Morse, and adopted in America at the same time that Messrs. Cooke and 
Wheatstone btroduced the needle telegraph in England. 

The Morse telegraph, slightly modified and improved, is now adopted on almost all 
the principal telegraph lines in the world. In principle it depends upon the attraction 
exercised by an electro-magnet on a soft iron armature attached to one arm of a lever, 
the other arm of the lever carrying a pen, which is brought into cont'tct with a strip 
of paper every time that the lever is raised. The paper is kept in regular motion by 
clockwork ; and as currents of longer or shorter duration are circulated through the 
electro-mngnet, it attracts the armature in a corresponding manner, and the pen marks 
]r{jr 49. lines on the paper of different lengths, sepa- 

rated by spaces when no current is passing. 
These lines and spaces are combined iato 
letters and words, according to the alphabet 
given at page 662. The transmission of the 
currents of electricity is effected by the 
operator by means of a key, shown in 
figure 40 : k is a brass lever, having at the 
extremity of the longer arm a button, p, of 
insulating material, adapted to the finger 
of the operator, and at the other end a ^rew 
T, which passes through tho lever, and the poiut of which can be adjusted to any 
dtgret of projection. A steel i^oiut, /, is attached beneath the longer arm of the 
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latar, taA tro enUot piMM of bnn, a uid b, an Ez»d bciiMtli th««« painta. A 
•m>n tpriog, r, Mrrei to keep tha Isrer in it* Donuk] podtion, t being in eonteet 
with a, uid t lepanled from (. Tlis Ictot ii in connection vith the UnO'vire 
Ibiongh tlie ftUcnim a, *nd the binding-pott o ; fr ii in eoniiMtioD with the pomtire 
poll of the baltaiT through a ; uid a U in coonection vith the inatniment throng i. 

Fig. 41. 




Thai, In the 
dietut itmtion puK« from 
t !• depiMMd, » poeitir* enr 



it coming ^m a 
a and to the eirlh tlirough the inilrameDt. When 
it trenamilted on the line to the diitint atalion, and 
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series of sncli cnrrents of different durations and at yarions interrals can thus be 
transmitted by tbe operator, producing corresponding signs on tbe receptor of the 
distant instmmenti bnt which do not pass through his own iostmment. 

In the original form of the Morse instrament^ and which is stiil Tery genendlj 
employed, considerable force is required to emboss the signals on the paper, and tbe 
currents arrinng at the station being in general too weak for the purpose, an instru- 
ment known as a relay is used to put in action a local battery of sufficient power to 
produce the required effect. These relays are of ▼arious forms ; one of the simpleBt 
is shewn in fig. 41, which is a view of a complete Morse instrument of a pattern very 
generally used throughout Europe. A modification has lately been introduced, 
which will be explained further on. The relay is on the right, i^ is an electro- 
magnet wound with a great length of fine wire (having a resistance ordinarily of about 
120 miles) ; a metallic support, R, carries a IcTer, n', to one end of which is attached 
the soft iron armature ▲', in the form of a split tube, with the riew of getting rid 
of residual magnetism, as fiur as possible, from the part which approaches the electro- 
magnet ; the other end of the lerer works between the points of the two screws 
/' and g' : s^ IB insulated and supported by the hollow pillar a' ; Z' is connected to a 
rod of metal inside this pillar, and insulated from it. A spiral spring, r', is adjusted 
so as to draw n' away from f when in a state of repose, and /' is so adjusted that 
when the armature ▲' is attracted by the electro-magnet, they cannot touch one another, 
being prevented by the contact between /' and d' ; n' is in connection with tbe sine of 
the local battery through R and z ; Z' is in connection, through r' and e, with one end 
of the coil of the electro-magnet i, which works the apparatus. The copper pole of 
the local battery is in connection with the other end of the coil of b through c and d* 

Tbe current from the distant station arrives at l, passes to e', and through the ooUs 
of the relay magnet to d'f and so to the earth through t ; e' becomes magnetic, attracts 
A', and makes a contact between i>' and /', thus completing the circuit of the local 
battery through the electro- magnet b. The electro-magnet, b, has an armature, ▲, which 
is attached to a lever, d, adjusted in the same manner as n', by two screws, / and ^, 
insulated from one another, and a spiral spring, r ; the other extremity of n carries a 
screw-point, v, placed opposite to a groove in the baiTel, 6, and adjusted so as to be 
in contact with it when b attracts a. A ribbon of paper about half an inch wide is 
coiled on the drum B, passed through the guide m, under the spindle o, and between 
the two rollers h and a, which grip the paper between them and draw it through at an 
uniform rate, as a rotates by the action of clockwork inside tbe metal case bl The 
clockwork is set in motion or stopped by moving the lever k to the right or lefk 

To receive a message, tbe clockwork is set in motion, and, as each pulsation of 
electricity which arrives from the distant station communicates magnetism to b through 
the means of the relay and local battery, it attracts a with considerable force, and 
presses the point of Y into contact with the paper ribbon as it is drawn through the 
rollers, and according as the duration of the current of electricity is longer or shorter, 
a longer or shorter mark is embossed on the paper. The moment the current ceases, 
the spring r draws the point away again from tbe paper. By the combination of daU^ 
d<uhest and sjiaces thus produced, the letters of the alphabet are represented, and 
words can be transmitted at an average of 20 in a minute. 

A galvanometer is generally attached to a Morse instrument to indicate the passage 
of a current of electricity. In the embossing instrument it is not absolutely necessary, 
because the attraction of tbe armature by the local battery current makes a consider- 
able noise ; but if not carefully adjusted, tbe armature sometimes adheres to the 
magnet, and in this case no signal wuuld be given, and the galvanometer would prove 
of value : it is, theiefore, generally used. 
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Inttead of emboisiiig the signals on the rihhon of paper hy mechanical pressure, 
JCr. Bain adopted the method of saturating the paper in a solution of prossiate of 
potash, and passing it over a brass wheel in connection with the positiTO pole of the 
loeal battery, the negative pole of the battery being connected with an iron point, 
which is kept in contact with the paper by a spring. A chemical decomposition is 
thoa produced by every current which passes, resulting in the formation of ferro- 
^janide of potassium, or Prussian blue, in which colour the signals are printed. An 
add solution was used at first, but it has been found better to employ an alkaline 
solution of the salt, vis. : — 

As used in France : — 

Water 100 parts. 

Nitrate of ammonia 150 „ 

Frussiate of potash 5 ,, 

Or, in England : — 

A saturated solution of nitrate of ammonia in water . . 1 part. 
Ditto prussiate of potash . . . . 1 ,, 

Water ....*. 2 parts. 

Liquor ammonia sufficient to make the solution deddedly alkaline. 

The paper presiervea its moisture better when the alkaline solution is used ; it is also 
okaner and the marks do not fade. 

When stations are near together, and local batteries can be dispensed with, signals 
can be transmitted more rapidly by means of Bun's instrument than by the ordinary 
Morse instrument, because there are no levers to be set in motion ; but a powerful 
current of electricity is necessary to overcome the resistance of the damp paper and to 
effect the decomposition of the salt ; hence local batteries are generally necessary, 
having firom 12 to 18 cells arranged for tension. Bain's modification of the Morse 
instmrnent has been extensively used in England ; but it has been found to be 
■ore ironblesome and expensive than the ordinary Horse, and is being gradually 
given op. In Bain's original telegraph the transmission was effected automatically. 
Hdes to represent the dots and dashes were punched by hand in a strip of paper, which 
WIS passed over a metal roller, and a brass wire pressing on the paper came into con- 
tact with the roller for a longer or shorter time as the punched holes representing 
dote or dashes passed underneath it. The wire was connected with a voltaic battery, 
and the wheel with the line wire, and thus at every contact a current was transmitted 
on the line. 

The receiving apparatus was the same as above described. This method of trans- 
Bussion has been tried with various modifications at different times ; but no automatic 
i^yslem has been found satisfiu^ry. The frequent slight perturbations which occur in 
the system of conductors, sources of electricity, and instruments, can only be success- 
iaily overcome by the manipulation of an intelligent telegraph clerk ; and no system 
of telegraphy which has been based on the purely mechanical transmission of a dispateh 
has been found successful hitherto. 

The most valuable improvement on the Morse instrument is that patented in France 
by MM. Digney Frdres, and in England by Messrs. Siemens and Halske. 

The general arrangemente of this instrument are the same as those shown in fig. 
41 ; but the signals, instead of being embossed on the paper by simple pressure, are 
printed in ordinary printer's ink. 

The mechanism by means of which thu is effected is shown in fig. 42, which repre- 
sents the recording part of the instrument, the remainder being identical with fig. 41. 
n is a small wheel about the sise of a fourpenny piece, which revolves on ito axis at 
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u uniform nt« bj the action of the tune dotkworlc vhich nnwindi ILe ribbcs *f 
paper, f ii an ink-roller, hy mcani of ^lich tbo tigt of ■ ii kei* oonrtantlj atippliad 
with ink. Tbe pen lenr, L, ii mada Tcry light, and cairia at ila aztremitj a ^uO 
proJeeUon, p, on vhich the paper ia aopportedaa it it vonnd off tbe tmI. TIm hti|bt 
of p ia 10 regaUtcd bj the adjiuting eerev o, that tbe paper puoa jut bcbw k 
without touching it. 

When a cnrrent of eleetrieitr eirenlatea throngh the eleetro-magnet it attnela the 

wmatare, taoTca the levei i., and nuae* the ribbon of paper wUob lerta oo p, nalil 

riB.«. 




itloochN the «dge of n, vhen either a dot or a Jiui ii printed aeoordiig lo the 
dnratioD of the enrreDt. It will b« obKrTtd, that the amount of work to be dose bf 
the electio-magnet in thii urangement is very email ; it onl; haa to lift an ineh or 
two in length of the ribbon of paper through a distiuice of u.j ||jth of ao inch. Ho 
mechanical pretanre need he eierted, it is efficient if the paper tonchea the ink on 
the edge of the wheel n. Utoee the cnrrent arriTJag b; tbe Hue wire from a distant 
station baa alwaya infficient forc« to work thia apparatns, withoot the interrentioa of 
the Tela; and the local batter;, which eon he entirelj diepenaed with. 

The ink printing inatrnment hai been adopted in France, after the experience of 
two yean ; bat tnde interesla hiTc hitherto limited ita nae to a few of tbe tmaller 
telegrBjih companlea in Englani). 

In Auatralin, the Hone inatrnment has been adopted For all the gorernnent linel 
of telegraph; ma^iit^tic instmments are need in comhination with reUji and local 
batteriee. The cttctio motor i> the eame in fnnn aa the aingle needle inatrament. 
Eg. 39, except that the needle ia suppreeaed, tbe coirvnt generated bj the magneta 
being tranamiltcd directly on the line ; it works a relay on the same prindple as the 
nrcdte at tbe distant etatipn, Betting in action the local batter; which records the 
aignala by means of an inatrumcnt aimilar Co lig. 41. 

The manipulution of this instramenl m not so eaiy as that of the ordinary Horse ; 
greater inechanicBl force beiug required to more the terer ; bnt in practice this is tud 
to Le no real impediment. I'be qaeslinn of inaulation lies already been alloded to. 

A iiiniple and inexpenaWe ayatem of working serenkl Muiae Inatramenta in cirenit is 
need ™ some of the shorter English tinea. Only one hatteij is emplD;«i, and a 
■orreut is ssnt ojnatuntiy onthelinr, passing throogb galvanometers stall theatation^ 
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ud to aartli «t tbe terminal itation. The galTuomsten ore all defleetsd In tlu 
MiDS diieotioD. Wben any itation viehei to oammnnicate, the operator breaka tli« 
dreai^ and all tha galvanometers return to icro ; fae then, by making and breaking 
eoalMt bj mean* of the ordinary kej, can traoamit a meaiaga whicli ia reoorded at 
Mcb of tbe itationi. A limilar Byetem la nDirenallj ailopte'l ia America, gven on 
tbnr longeat lines. Main battorie* are proiidei at intenala of from 200 to 800 
nilM along tbe line, vhicb ara wt in action by rebj magneta, by tbe enrrent arrinng 
from a dietaat Itation. All the intenneiliate atntioni are proTiiled only irith relay 
magneta, local batt«riea, and trauaiuitling keys. The cacreot being continaally aent 
on tbe line, any operator can break il by depresaing hia key, oben all tbe relay 
tiagtwta are aSeoted along the whole line, tbe local batteriei aet in aetion, and a tignal 
baaimitltd. Tbii action, it irill be observed, ii the reveTu of that ninally ado|>ted in 
Borope, and it has nndonbted adrantagei, reqniring fewer batteries; and if tbe 
Dmittl bnttary be nied, tbe eipenditnre of linc i« nearly eompenated for by tbe 
laaUer quantity of copper redaeed npon it. 

In Amerin, the reoording apparatus baa been very generally dispensed with, and 
tsa^iifei are recHred by nmnd ; tbe relay being employed to work a untnder, so 
amnged m (o make a distinct mppipg noia^ which can be translated by an expert 
epenlOE with perftel earn. One of tiieae lorndtTi is shown in fig. 48. 



Pl(.41 




Is atttaeted (o tbe eiectro-nugnet when the local battery is set in action, and strikes 
SraUy against r ; when tbe current eeasea, the balance -•pring lirings tbe lever back 
to tta state of reat,andB feebler soand is produced by tbe contaut at r'. Theinfemli 
between the long sonnd and the slight tick of the return sonnd represent tbe (fo( or 
th« d«tk, and the intervDli between the occurrences of these two complementary 
nnnda represent the epaces. 

In Sarvpe it i« coosideied to be of great Importance that tbe message* sent sfaonld 
Iwdireetly leeorded by tbe instrument, both as a check npon the operators, and as an 
additional security in the transmission of messages correctly, and the recording 
apparatus II still retained. 

Tbe power of receiving nieasages correctly and quickly by sonnd, !i said to be con- 
■ned to a comparatiTclj small iiomber of persons, and that many who can receive 
well by qre, are not able to do so by ear ; but aalbenUc statistise on this point ore 

Then very distant points are connected by electric telegnph wires, a system of 
relays is employed, tbe line being worked in circuits of from 200 to 300 miles. The 
eorrcnt, starting from a, travels to B, sets in action another voltaic buttery there by 
aaans of a relay, and passes to tbe eartb. A fresh current is thus established at ij 
which travels to o, and there loses itself in the earth after setting in action another 
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Tottuc batt«t7, kud to on. The diiUDM to *1iicli Klegnph eommuniMUon eu le 
ouried in thismuuieT appeus to 1m withoat limit. When Hona inatrnmenti ue «Md 
(u i* almost iDTiTubly the cue) npou meh loDg linea, two inatrnmeBtB ue getMnllj 
plaMd at eacli iutermadl«le lUtiou, bo wnnged tfa&t caoh suiloa tii>7 eoiniDniiint* 
independent]; vith ita nugtboun on both sides at tin sune time, or that Uie wbak 
of the itatioDS, or ao; nnmbec of them, ma; be pbeed in eonnsction for through cor* 
MipODdenee. The coaneetions with a double Morse initramenl at an intetmediala 
station on a long Una are rather intricate ; Qitj are rapnaented in Gg. 44. x k* an 

Tig. 44. 




tiro commntators in canneoUon with the line wire, t t', entering the station on either 
side. Bach commntator has three wires leading from it When the handln u« 
placed at b b', the carrent pastes direellf from t to t' witbont puaing through the 
intermediate station. Jf the handles are placed at a a', each instmment at the inter- 
medlale Btation can eommunicste with the line on ita own aide onl;, but ahonld it b« 
teqaired to eommaaicate between the l^nniDal station* Uiroogh all tha intermediate 
jrtationi, the commutators are placed at d d'. la this position we will tniee ft cunwt 
coming Trom v. Its eonrse (iadicated h; the feathered anvws) Is from d to m, whenca 
it poaae* through the meUllie frame of the left hand reeording instmment to the pea 
lexer d, which, bting in ila normal »tat« in eootaet with tiM upper screw of tlie pillar 
a (£g. i\), allows the current to pass to I, thence to o, the manipnlator of tlie right 
band instrument, and so through i. to i', the rela; magnet, setting in action the looal 
hatter; s, which prints the signal, wliile the current which we have traced patsc* to 
lbs earth b; t. But in printing the signal in this right hand iuatrument, the lerer 
ti is depressed, and a contnct is made at a between ita mun batter; and tha line 
wire v", the current pauing from N to r through the contact at o, through D, tie 
mitsl frame of the right hand recording instrument b, to H, and su to if and v*. 

When two InstrumeDta are thus arranged, the currents which arrire from a distant 
station pus to the earth, arter setting in action fresh cnrrenta generated in main bat- 
teries placed in tbe Btntion. One of the instruments Bets merely as a eondnetor, and 
the other both as a recording instmment and a relay. When intermediate itationa 
are not considered of snch importance as to require two inttrumente, a double tela; 
magnat ia freqwntl; used with one Instmment. These are arranged in sneh a manar 
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that R enmnt arrinog from rither ud« complctM tbt dnmit of the locU batUrj, and 
winb tlia regiitor ; wMl«, bj meuii of » eommntator, tlw dcrk at Um itation can wad 
a m*Ma|a in either diredion, or allow the eairaDt to pw od to the next stAtion. 

In the ordinaiT ttU; magnet the armatare ii drawn awaf fnan th« elNtro-magnet 
if a email ai^ial ipringi whoae lenaioo moit be coDitaiitlr ra adjnited aoaonling to 
tha TailatioDt b the power of the onneat, the vanotu dUtDrbiog inflnenoea acting 
opoa the line win, and tbo amount oF neidoal nugneliim left in the core of the 
■kiiliii iimiiil on the oenation of the onrrent, and which tendt to retwa the armatnie. 
HtKeOTer, the fbroe of thU apring alwaja acta agaiost the attraction of the eleotio- 
1t^»gll1^l and requirea a eeriain eleotrioal foroe to oTaroome it. 

nMadlBdTBntagea have been oreroome by oaiDgreTenecanvnte^ inetead of a idd- 
MmIob of ewneBta in one direction only. Hacj different relaji hare been ooattmalad 
M tUi iriadpltt bat two M1I7 will b« deHribed. Thej all depend npon the employ- 
■Ml of pwaanewt magnela, instead of, or io oombination with, aoFt iron armatora, 
W M ta Mbc into play the atttaotion and npuluon of opponte or eimilar magnetio 

TnlQ*! tday, ai naed by the Eleotria and International Telegraph Company, con- 
Mi if va deefao-magnet, the core of whioh ii moTcable, inaide ita helix the latter 
briiflanL flMomeladeUeatelymoanted onpiTota, and ite eitremiUeB plaj between 
(ha pslM af flied permanent magnell of a horae-ihoa form. The negatife cnrteot 
■apitUiv the eote in one dlreetioi oaoMe it to be attiacled to one aide of the par- 
miatmi wagnati. and thna patfoma the part of the ipring in the onlinary relay, 
cylit the local drentta. The lererae onrrent, reToraiog ila mngoetio pole*, oanaet 
& ta ta stlnslcd In the oppoata direeUon, and doaaa the local circuit. 

IWa ajatam ii partienlarly adTantageona In working throngh aabmarina cabUa, the 
laiuaa earmla andtting materially in oreroomingtbe ratarding influence of indnalion. 
fha tnaamitting key ie arnugod by Mr. Varley ao that a momentaiy eonteet with the 
(arth, or with a weak battery, ii made after breaking the contact between the line 
*ira of one pole rf the battery, and befiira making the contact with the other pole, 
lima allowing the charge of the wire to eieape to earth, or be neDtraliaad. Thia 
■omantary eontaet with the earth ii not nied by other telegraph engineers. 

Mr. Etemen* hM a very delicate and ingeniona relay, which ii speoiall; adapted for 
tadneed cnrrenta of electiidty. 

Memwuf relay (fig, 46) : 1 ia a atrongly magoetiacd bar, bent at right anglea, and 
eacrying a horaa-thoa eleotro-magnal on iu aonth pole. Both of the loA iron oonnae- 
ttma, ■ ■*, have therefore oommnnicated to them 
nnth polarity, /ia a Ught bar of toli iron, moTc- 
■Ue on a Tirtkal ail^ e, Sied in the north pole of 
th^BBgnat, and terminated by a light am of platiua, 
dl fit etmaaqnently north polad^, and ia attracted 
by both I and i*. / la in metallio eonneotion with 
OM end of the coil wire of the relay magnet, and 
Ita platina am, 4, ia oonfined between two a4jnat- 
bg aoew p(riuta, the one being innlated, the other • 
to eoonactioa with the local battery. When a cnr- 
lant al eleotridt; tntTcnaa the eolla of the electro- 
magn*^ it tendi to tncreaae the aoath polarity of 
I, while it dimtnlahea the aonth polarity of ■*, or 

rertraea it aooording to the atcength of the eurrtnt. / ti no longer in eqnilibila, and 
mors to the aide on which it ii moat rtrongly attracted, batu againet the aorew point 
id with tho local battery, and pqta it in action. Tbii relay ia deaigoed to ba 
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worked bj induced eleetricitj, the tererse eoirent rererting ibe poles of the eliekn)* 
magnet, and bringing d back into its original petition. If Toltaic electricity be vied 
withont reversals, the screw poiuts are so adjusted that / is always nearer to ■' than 
to B. A positive current circulating th rough the electro-magnet destroys the equili- 
brium, and draws /towards E. On the cessation of the corrent, / being nearer to 
i' than to E, and their attractions being now equal, it is drawn back to its poaitioB of 
repose. 

In this relay the use of the adjusting spring is avoided, bat the full value of the 
suppression of this adjustment is only obtained when reversed currents are employed. 
Wbeo the signals are made by simply making and breaking contact with the batteiy, 
an opposing force is evidently necessary to bring the lever arm of the relay back into 
its original position, and this force roust be adjusted to balance the force of magnetim 
produced by the current coming from the distant station and circulated through the 
electro-magnet of the receptor, which is very variable, depending upon the state of 
the weather and the perfection of the battery, &c., and necessitating frequent defieate 
adjustments ; but when reversed currents are used, the action of one current w^Uiywug 
that of the other, no adjustments are necessary. 

The most perfect printing telegraph which has been invented is that of Vrohmur 
Hughes, which prints the message in Roman character on a band of paper. The 
following brief description is taken from' the report of Mr. Latimer Clark ; for fuller 
details, tide Prescott's ' History of the Electric Telegraph.' 

The instrument contains a type-wheel upon which are engraved the letters of ihe 
alphabet, and which is kept constantly revolving at an uniform rate by means of 
clockwork and an escapement controlled by a stiff spring which vibrates SO<M) times in 
a second. The efficiency of the telegraph depends upon the synchronous motion of the 
type wheels at the distant stations, and Professor Hughes has found the spring to be 
the most reliable governor. On a shaft in connection with the type-wheel an arm is 
carried, which sweeps round on a horizontal table performing the same number of 
revolutions as the type-wheel itself. The table has twenty-eight small moveable pins 
on its circumference, corresponding with the letters on the tyiM-wheel and in connection 
with keys like those of a piano. When a key is depressed, its corresponding pin is 
raised, and the arm of the type-wheel in the course of its rotation comes in contact 
with it, and by a peculiar an-angement transmits an electric current along the line. 
The receiving part of the instrument is provided with an electro-magnet, which, as 
soon as it is acted upon by the current, disengages an apparatus connected with a 
band of paper, which it raises momentarily into contact with the type-wheel, and the 
letter which happens to be opposite to it at the time is impressed. The paper is not 
only raised into contact with the type-wheel, but is for the moment borne forward at 
the same velocity as the wheel, and the impression, therefore, is very perfect. « It 
will be evident that if the type-wheels of two instruments are adjusted so as to 
revolve at the same speed, the same letters will always be passing the corresponding 
points on the two tables carrying the moveable pins at the same moment, and aa 
instantaneous current of electricity acting on both magnets at once will print the same 
letter on both instruments. A peculiar and original form of electro-mi^et is 
employed in this instrument. The two poles of a permanent horse-shoe magnet are 
prolonged by cylinders of soft iron surrounded by coils of wire, and provided with an 
armature of the usual kind. The armature which lies in contact with the soft 
iron pules of the magnet is held fast by the attraction of the permanent magnet ; but 
this attraction is counteracted by an opposing spring, which is so adjusted as almost to 
overcome the force of the magnet. In this state of things a very feeble and 
momentary current of electricity circulating in the coils of the electro-magnet^ tad 
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prodnfliiig opporite polaritiM to those pemumentlj given to the'soft iron core bj contact 
wHh the permanent magnet, bo weakens their attractiye power that the armature 
obfyiagihe force of the spring flies away, and in so doing prints a letter ; the next instant 
it is again mechanically forced into contact with the electro-magnet, and is ready to be 
released again by a succeeding current. The action of this electro-magnet is very much 
more rapd and certain than that of any other form yet inyented, and the instrument 
appears peculiarly adapted to tel^T^iphing through long cables, in which the retarda- 
tion of the current due to induction is so formidable an enemy to rapid signalling. 

Mr. Latimer Clark says : "By the ordinary Morse system of printing, each letter 
is composed of three or four distinct lines or dots, requiring as many complete 
eleetrical wares or reversals, with a sufficient duration of time on some of them to 
distinguish between dots and dashes^ and between the spaces which divide portions of 
letten and those which separate whole letters or words. By Professor Hughes' 
system each complete letter is formed by a single wave, or even by a half wave or 
reversal, and the spaces are formed by the mechanical action of the machine and occupy 
DO appreciable time. The instrument has been seen to work with ease and accuracy at 
the rate of sixteen words per minute through a cable which would only admit of six 
words per minute being sent by the ordinary apparatus ; and through the same 
cable it has been seen to work whole days without printing a single false letter.'* 

Copying Tdegrapht, — Mr. Bakewell was the first who accomplished the feat of 
constructing an electric telegraph which should reproduce at a distant station a 
ike-simile of a message written at the sending station. The principle of his telegraph 
was as follows : The message was written on a sheet of metal in some non-conducting 
ink, such as red sealing-wax varnish. The metal sheet was then put in connection 
with the line wire and moved in a circular or spiral manner beneath a metal style 
whieh was connected with the positive pole of a voltaic battery, the negative pole 
bsing put in communication with the earth. At the receiving station a sheet of 
chemically prepared paper placed on another metal sheet was moved in a similar 
manner under an iron style ; the style being in connection with the line wire and the 
metal plate with the earth. From this description it will readily be understood that^ 
as long as the style at the sending station was in contact with the metal sheet, 
a current of electricity would traverse the drcuit, ^^^on^POB^^S ^® salt in the paper 
and producing a line ; but when the style at the mding station was passing over the 
varnish no current would circulate, and no mark would be made at the receiving 
station. A number of parallel lines thus traced on the paper with spaces corresponding 
to the varnish on the plate at the sending station, would reproduce in white on a 
ground of blue lines whatever might have been traced on the metal plate. 

This system, although beautiful and ingenious, has not been found a commercial 
success, and has fallen into disuse ; but it has been resuscitated with some modifica- 
tions by the Abb6 Casselli within the hut year. He uses a reUiy and a local battery 
so arranged that when a current is circulated from the distant station the local battery 
is thrown out of circuity and when the current ceases the local circuit is completed and 
the style marks the paper ; the writing is thus reproduced in blue on a white ground. 

The electric telegraph instruments which have been most generally used have now 
been described, and it would be out of place to go into further detail of the various 
instruments which have been invented ; the works of Shaffner, Frescott, Gavarret, 
Gloesner, and Blavier, with numerous others, may be consulted by those who are 
dsiirous of further information on the subject. 

For some years a solution was sought for the problem of communicating simulta- 
neously in both directions by the same wire. This has been accomplished lately in 
a very ingenious manner by Mr. Siemens and others, by means of divided currents 

TOl. 111. T T 
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and carefully adjusted reaistanoes ; a desoripiion of the exact maimer in whioh it hat 
been effected will be found in the French works abore alladed to, bat the sy>^em has 
not been found to work well in practice, becanse any error committed cannot be 
rectified until the whole message is completed, and the adjustments are too delicate to 
be preserved permanently. The former objection also applies to another ^jatem 
which has been proposed, namely, that of branch circuits instead of a continuous 
circuit. In this system station a is connected directly with b, and branch wires lead 
off from A B, at different distances from A, to o, n, ■, tenninating at each station in 
the earth ; resistances are interposed at o, n, B, so aa to equalise the divided currents, 
and a dispatch can be forwarded to all the stations from any one of them ; but the 
arrangement requires careful adjustments, and is inconrenient for communications 
between intermediate stations. 

Various auxiliary instruments are required in systems of electric telegraph, such as 
galvanometers, commutators, alarums, and lightning protectors. The two first have 
already been noticed ; it remains to describe the others. 

Alarums. — These are very useful in particular cases, but are not generally 
employed on the English telegraph lines, because it has been found that the employ^ 
become more careless when alarums are used than when the slight ticking of the 
needle or the electro-magnet is the only sound emitted by the instrument. Alarums 
add also to the expense of the apparatus ; they require more powerful currents of 
electricity to work them than are necessary for working needle instruments, and they 
are more liable to get out of order. 

They may be classed as alarums with clock-work, and alarums which are worked 
by the direct action of the electric current. 

In the alarums with clockwork, the function of the current of electricity is merely 
to produce temporary magnetism in the soft iron core of an electro-magnet, caunng it 
to attract its armature, which is made in the fbrm of a lever lightly pivoted and 
having a small hook at the extremity of the lever arm. This hook catches a pro- 
jectmg point on a wheel of the clock-work, and is held in that position by a light 
spring when the apparatus is at rest ; when a current passes the armature is aUiaeted, 
and the catch being drawn away from the wheel the clock-work moves under the 
influence of its main spring, and a bell is rung, either by the vibrations of an arm 
connected with an escapement, or by the rotatory motion of two arms attached to a 
wheel, and having hauimers hinged to their extremities which fly out by centrifugal 
force and strike the bell, as in Professor Wheat8tone*s arrangement. It will be 
evident that an alarum so constructed may be as loud as we wish. The hammer 
which strikes the bell being moved by mechanical power, but, on the other hand, the 
catch which retains the wheel and keeps it from moving, must be carefully adjusted ; if 
it have too light a hold a slight shake will ring the alarm, and if it is too stiff the 
electric current will fail to produce the required effect. 

Fig. 46 shows an alarum worked by the direct action of the voltaic current. The 
armature l of the electro-magnet is a hollow cylinder fixed on a steel spring d^ and 
furnished with a hammer v, which strikes the bell t. A spring r communicating 
with the eartii by the binding screw e touches L when it is in a state of rest. 

A current from the line wire passes from A to b, traverses the coils of the eleciio- 
magnet, the spring n, the armature l, the spring r, and so to the earth ; but during its 
passage, l is attracted to the electro-magnet, the contact with r is broken, and the 
current ceases ; l then &Il8 back into contact with r, and the operation is i^MStad. 
In this manner a succession of blows are struck on the bell by the hammer v. 

In order that this alarum may work with sufficient force an electric current of con- 
siderable quantity is required, and on long lines a relay magnet is employed in con- 
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naoUoD with it. Tha uruigemant of the nlaf ia ahovn in fig. 17, vhlch ueeda bat 

little explaaation. The oamiit amnng from the diatwit itation paaaaa fircm l tltroiigh 

tha ooil) of ths electro- magnet, and bo to the earth at t, the armatare p ia atbactcd, 

Fig. M, 




and the ooutaet ia made which pnta in action the local battety ; bnt at Uketune 
iuUnt tha bntton i ia releajed and itorts up under the inSnence of the apiral apiing, 
T, and thus leayea a permanaiit record of tha bell having been mug. Tbia ajalein ia 
mad wban man; wires from distant atationa airiTe at the same office ; each wire has 
ttaidaf, and there ia but one alanun-tiell ; the relaya at« all airangad inabaibaving 
hdM in the lid, cotreapondiDg with the battona ; theee atart up into view, when a 
canent drcnlatea through the electro- magnet eoilt, anddeaignate the partlenlar atBtionB 
wUdi wiah to oommuiiicate. 

Lightning ProttcUiTt.^-Vibea thuaderatoniia occur in the ridnitj of ajitema of 
tdacraph wirea auipanded in the air, powerfnl cnnenta of eleetrimt; freqneatlr 
traTtrae tha wire^ and entering the atattonamake great barock, if pT«e*atioiiB«n not 
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teken to proMrre the iwtnuiirata Iroin injnrj. The eflM« prodnoed npon Uw 
initmmenls, in saehcua, are Tuioiu, Booordbg to theqnuti^ ofelectridtjooDT^td 
b; the wirei and itt degree of temdon ; but gsoenllj the fioe irira in the gklruiometen 
uid eleotro-mivgDets ia foaed, the magnetio needlea *re deiii>giieti>ed or hare tiieir 
polea cerersed, uid pemuuient mogaetism ii prodooed in the loft iron DorM of lh« 
eleotni-magiietfi. Mare violent effeota are piodnoed in tome ewea. Wheo nnder- 
gronad wires or Bulimariue csblei hare been eonnected with air wirra, laalte bais 
freqnentlj lieen prodnced bj the t»BM^^ of atmoapheric eleotticdtj into the iaaalated 
ooDdoctor, which it haa traTeraed until it arriTed at soma plaee where the inmUting 
material was thin or defective. At thia point the IndnotiTe foroe has beeome ao great 
aa to barst through the dielectric and deati'oj the ioaalatjon of the condaclor. It ii 
aeeeuarj, therefore, to adopt some meam of protection in theae eaaea, and hapinl; 
the Ter; high tension of atmoapheiio eleotridly enables na to apply an effeative guard 
ajainst its deatroctiTe eSecta. 

(1). tf a Leyden phial be disoharged bj means of a loog and thin condnetiiig 
wire, and if near the two ends of the wire are attaehed metal plates of ecDsiderable 
anrTace and in cloee proximitf to each other, it ia fbnnd that at the moment of 
ODDnecting the ends of the wire with the outer and inner surfaces of the jar a 
•park psjiacB between the two plates and a rerj minnte portjon of the electric 
charge drcnlatea through the wire. (2) If the snr&oes of the plates be corertd 
with points the; maf be plaeed at a greater distaDce apart^ and the same eflect 
will be prodnced. (3) If the discharging wire be thicker and shorter than in the 
abore case, and if near one of ite eitremities a Terj thin piece of wire of a metal 
which Is a comparatiTelj bad condnotor of eleotrici^ be introduced so a« to brm a 
part of the cinmit, this Tory thia wire will be fated by the electridtj (ff it le 
aecnmnlated in inffident qnantitj), while the thicker wire witi remain nninjnied. 
One of these three beta, at a combination of two or of the whole of them, forms the buii 
of all eSdent lightning protecton, and the first is that which has been found moM 
nirantageoas. Fig. 49 shows a lightning protector on thia principle, mach nsed in 





America, the two brass plates are about 3{ inche-i diameter and /, inch thick ; tbej 
are insulated l^m one another bj strips of drj paper or thin sheet gutta-percha. 
The upper plate is in ooanection with the line wire and the initmment b; mans of 
thetwo terminals, a. b. The lower plate with the earth. Lightning (altering the station 
bj the line wire leaps to tbe lover plate and paaaes to the earth, and the instromenta 
are in aafety. Fig. 49 shows another form of the same class of proteotor intended for 
•D intermediate station, and which acts also as a commutator. B; meaiu of the 
metal plug u, and the holea 1, 2, i, the line wire on either, or both, aide* of tbe 
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■te&m oui.be pnt in eannMtion with the eartb, or > Uiroagh punge otn be op^ed 
to theenrreatirithoat its iDflueniung the iiutrnmeat at the station bj jiluiDg the ping 
»t 3. ThU will be evident from tlie Bgnre, the plate l hi being in 
Uie line wire entering one side of the station and one terminal of 
tb« ioBtrament, and l' t r' being connected with the other side of 
the ioetroment and the other line wire, p n p ia inealated from 
UwteplaUibj'ft atnp ofpuper, and ii in cODnection with the earth ; 
v ii alM eoDoeoted witL the earth. , 

Kg. EO ahowi a form cC lightning guard ia which the 2nd 
and Sid of the facta alhiled to are made use of. It is the 
inTenUon of Mr. Walker, tlie Boperintendent of the telegraphs of 
the Santb-Eutem Bailwa; Compan;, and baa been saccessfally 
uKd on their linei for wme jean. The line wire ii attached at c, 
tiie iDatrnmeat at d, and there ii a complete metallic connection 
Iietween theie points b} the screw e and the very fine wire vouad 
oa g, A ii a cjlinder of braes, insalated from the line wire bj 
box-wood, and in commonication with the earth at ■. The metal 
pinnts at /, X, y allow the atmoipheiia electridtj to eM»p« to' the outer ej IJnde ■, .' od 
ao to the earth; while theTery fine wire on ff mnet be fused before the courser 
wire in the instnunent colls can suffer. 

APPENDIX, 
BediV'MagHtli. — The taws which goTem the foiijes of electro-magnets haTe been 
iaccstigated by Hessn. Leni and Jacobi, and oUo Ij; Mr, Uiiller :^ 
If M denotes the magnetic force of the electro-magnet. 

n Uie unmber of coniolatione of wire. 

d the diameter of the salt iron core. 

4 the qnantity of elcetricitj in circnlaUon. 
and e a constant multiplier. 

This law only holds good fur bare of iron, whose lengtli ia connderably greater than 
thrir diameter, for feeble ourreots of electridlj, and nnder the supposition that the 
Bnmber of conTolntions of wire is not so great as materially to diminish the influence 
ezecmsed by the outer coils npon the bar of iron. These eoaditioni are fulfilled in 
the eleetro-magDete usually employed for telegraphic porpoaei. 

It will be noticed in the aboTS formula that h increases directly as q and as « ; but 
H dscreasei m n increases, sapposmg the electro-motiie force to remain constant. 
Hmee it is erident that a certain proportion between the reuslance of the win and 
that of the reauuniog portions of the circuit most be prescrred to obtain the m 
magnetic force. 

This relation has been found to be the foUowiug, viz. ;— " When the n 
the coils of the electro-magnet is equal to the resistance of the rest of the circuit, i.e., 
the conducUng wire and the battery, the magnetic force is a maximum/' 

The mathematical ioTeatigation of theee laws may be found in QaTorret's 
'T6l%Taphie Electrique.' 

In practice it ie usnal to gire the coils of the electro-magnela influenced by the 
ettrrenta of the main lines a resistance of about 120 milea, nung No. 3fl copper-wire ; 
for the electro-magnets eet in action by tooal batteries a thicker wire is used, gtving 
a resistance of from 2 to i miles ; but the thickness of the wire and the number of 
eoDTDlntians should be made in special cases according to the above laws, 

It is Tei7 inportant that the best wrought-Iron sliould be used in the oores of 
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clectra-magncta, othernise > (xnuidentlile amount of magDclic force reauuna kftar th* 
cDirent ceuea. Tbu Teiidiul uugsatiBm c&n eeldom lia eDtird? dettrojed, but th* 
mora poTfl and perfeotlj decarbmued Uib iron Um len U it ptteeptibls. To gnaid 
agsinBt thia (Til, it u necessary that the arnMtum of slaotra-magiiete shonU be tvr 
carefnlly adjusted w m Dot to loaA tbe poka of the soft iron cores, and this not* 
espodallj vhcai the armatarea are of magnetised steel, as is often the <a«e. A tUa 
piece of paper is eometimes inserted between the polea of the electro-magnet and its 
armatnre, or insolated stops are fixed id the bee of the magnet to prevent contact. 

The Situ Oalvaiumiter is nsed for the measurameat of weak CDirente of electiimt;. 
A convenient form, nsed in connection with telegraphs in Pranoe, Is shown in fig. GI, 
taken Irom GhiTarret's treatise on the Electric Telcgriph. 




The magnetised needie is balanced horizontallj on a ste«l point, and ie placed in 
the centre of a coil of insulated wire. The coil is fixed to a boriiontal disc, which has 
a mOTemeot of totation on an axis inside a graduated circle, an index I, fixed to the 
disc shows the number of degrees it has moved with reference to the enter circle. 

The ends of the coils are soldered to two binding screwa F F oa the enter frame, 
sufficient slack being left to allow of free motjon of the disc and coils by means of s 
handle o. To nse the instrnment it is placed so that when the index is at sen), the 
magnetised needle is exactly parallel with the colt and in the magnetic meridian, the 
parallelism of the needle and coil ie aecerteined by the eorrer :,ondence of a light bdei; 
hand a fastened to the needle, and at right angles to it, with a line / ; two stnds 
placed on either side oF/conGnc the oseillatJansof the needle within narrow limits. 

The cnirent whose force is to be estimated is circulated through the coile by means 
<iC the binding screws. The needle le immediately deflected, and the index abnls 
against one of the two stuila at/. 

The coil is now moved round to TliUow the needle, and this motion ii oontinneA 
until the two forces of terrestrial magnetism and the voltaio Current exactly balance 
one another while the needle is parallel to the coil, and the directive force of the 
voltaic current is therefore acting at right angles to it. In this position the fowes 
which hold the needle in equilibrium are represented in tbe subjoined diagram. 
Fig. !>i. 1 r is the needle. 

i; /'" '^ ''* "™'" of motion. 

\ X F its «. pole. 

Oj^.... .AT o|ii = Fr,lheforceofterr<!8trialni»gnetiam(=»). 

* y<^ ?^ op = r K, the force of the voltaic cnrTent(=<i). 

y^ a, the angle of deflection. 

"^ Prom inspection it will be seen that q = m ain «, 

and this •ill be true fur any aoglo of deflection in the c[oadnint, and any foroe of 
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Fig. 53. 



electrioitj which is not bo powerfal as to deflect the seedle fiiUy to 90^ ; x being 
constant and a being known, we have the means of comparing the foroes of different 
currents when drenlated through the coil of this galvanometer. Thus — 

Q:=x sin a 
q'^x sin a' 
Q : q' : : sin a : sin a' 
For the measurement of more powerfal cnrrents, an arrangement called the Tangent 
Galvanometer is used. The principle of this instrument is, that if a very short 
magnetised needle be acted upon bj a cnrrent drcnlated through a broad band of 
metal at some distance from it, it may be considered to be fully under the influence 
of the current at whateyer angle it may be 
placed. The relation between the force of the 
current and t])e angle of deflection may be 

seen in the diagram, in which the letters are : ^ j 

the same as before, but the force of the voltaic ^y^' '^ 

current acts at right angles to the magnetic g .y^"' it 

meridian instead of at right angles to the needle. 
X — force of terrestrial magneti8m( =» x). 
p = force of voltaic current( — q). 
by inspection x f »ox tang a 
or Q«-x tang a 
The instrument is placed so that the hoop is exactly in the magnetic meridian, and 
the current to be circulated through the hoop or band of metal. 

The ordinary form of this instrument is shewn in fig. 54. A better form is shewn 
in fig. 55. 

Fig. M. Fig. 65. 






M. Gangain having discovered that when the needle is placed at the apex of an 
ims^nary right cone, of which the circular conductor forms the base, and of which the 
perpendicular equals half the base, the voltaic forces are correctly proportional to the 
tangents of the angles of deflection. 

Brrors of construction are eliminated, and the force increased by placing a second 
drele symmetrically on the opposite side of the needle. And for the measurement of 
feeble currents a truncated cone of metal or wood, wound with fine insulated wire, may 
be advantageously substituted for the simple hoop of metal. 

MUnef't Bleetnyneter, (From description in Report of Mr. Latimer Clark.) — 
"This instrument is the invention of Dr. Thomas Milner, of Maidstone, and was in 
all its essential parts described and figured by him in 1783, in a very talented little 
work, entitled, 'Experiments and Observations in Electricity,' by Thomas Milner, and 
published in London at that date. It is essentially the same in principle as Peltier's 
Bleetrometer, and may possibly be the parent of this latter very elegant instrument, 
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Fig. 66. 



which was first exhibited in England by Professor Wheatstone, in 1834. Pigore 66 
shows Hilner*s Electrometer, as now oonstrueted, and will enable the readsr 
to understand the instroment at a glance. A brass stem rises from the eeatie 
of the wooden base, and is insulated from it by being screwed into a fragment of 
vulcanite, and surrounded by shellac poured in in a melted state. The insolated 
stem carries two brass arms, terminating in small knobs, and a little higher up it 
opens out into a loop or ring, through which passes an extremely light aluminium or 
other metal needle, supported by a light cap, which rests on a fine steel point ; a 
short bar of magnetised steel is also attached to the needle, and tends to bring it to 

rest in a fixed position, with respect to 
the magnetic meridian. At some distance 
beneath the needle is a graduated cirde, 
which is not insuhited, and also a circular 
plate of looking-glass (marxed a a in the 
figure) surrounding the stem. In reading 
the deflections, the eye is placed in such a 
position, that the needle ooTers its own image 
in the looking-glass, so as to avoid parallax. 
A glass shade ooTors the whole and is per- 
forated at the top to allow the i nsula t ed 
stem to pass through without touching it. 
" When in use, the needle is allowed to 
come to rest» and the instrument ia ao 
actuated, that the two brass arms lie 
parallel to it, and neariy touching it» the 
two halves of the needle being so bent out 
in a vertical plane, as to allow this. The 
upright stem is then charged by contact 
with the pole of a battery, or any other 
source of electricity, and immediately the 
repulsive action cauaea the needle to diverge 
to an angle dependent on the stroigth ef 
the charge, or degree of tension. It is a 
matter of indifference whether the stem be electrified, and the base connected to earth, 
or vice versA, the deflection is in either case the same. When delicately made, 10 or 
20 cells will readily cause a sensible deflection, and by the use of the condenser even 
one cell will do so, and so it is, in &ct, as sensitive as the gold leaf electrometer. In 
practice it is better to use from 100 to 400 cells. In the experiments made by me, 
the deflection caused by 250 cells was noted ; the cable under examination was then 
connected with the insulated stem, and charged with 500 cells, and the time was 
observed which elapsed while the instrument was falling to the point indicated by 
250 cells, that is, to half its initial tension ; in well conducted experiments, the 
result is remarkably uniform.* 

" The time occupied by a charged cable in fiidling to half its original tension is 
theoretically constant, whatever be the number of cells employed, for although the 
electricity escapes £sster with the higher tension, the quantity which has to escape is 
greater, and that in the same proportion ; a well-made submarine cable in the pre- 
sent day will retain half its original tension at the end of 30 or 40 seconds. 

"This system has several important advantages, it is quite independent of the 




*TUi method 



used bccaiuto the tcnsioiu arc not correctly im>portional to the deflection* 
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IngUi of ottde nnder trial, and prta th« wma rerall wilh 100 milM af wire, u *itli 
100 IndiM. It ii alio frea ^m all errors ariaiiig from inotrDmuital TmrialioD, the 
dedeotloD dno to tlis vliole tenmon and ths half tsnuoD bnng t«cord«d afnah «aoh 
d^ b; aotnal triaL It is a ytij portable inetnimeiit, and Kqoim do gtandard of 
wmpariion ; all iiotnuneiita, bj vhomaoeTer constrocted, give dimtly oomparabls 
naolti. ImUj, it ii capable of meaenring with fadlitj a mlnste eieape of electrimt^ 
in Tgrj porfeet non-eondneton, vhich woold bo quite iaappieditbts to tho galvano- 
meter. Id terj delicate eiperimente, it ia necessar; U> dry the interior of the inBtra- 
meiit by waimtii, and by the nw of eiiull cupa of chloride of caldnm." 



Whialilont'i ParaUthgrata (or 
Fig 87, 



jn 




lUt beaatiful initruiueiit, the InoeDUon of frafeesor WbMtatoite, affuid* • Tea4r 
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means of detenninixig with the greateet aocnracj the eleetrioal reastanoe of any 
particular oondactor, as compared with a giyen standard, and is most nsefiil in the 
practical operations of electric telegraphy. 

Its constmction will be understood from fig. 57. if a po is a mahogany board 2 feet 
lonz X 10^ wide, fitted with leyelling screws at its four comers, and a binding wanw 
in the centre of each side ; these binding screws are connected by a thick copper wire, 
www, let into a groove in the sorfiMO of the board, and forming a parallelogram v a 
p 0. At points exactly equidistant from the angle n, the wires n o, N a are seTered, 
and the ends are connected with binding screws, t s, tf if. Similarly the wires pa, PO 
are severed and the ends connected with binding screws, rr, r^ r^. In the centiB of 
the board is a galvanometer, having a compound needle suspended by a fibre of 
raw silk in the centre of a coil of moderately thick wire. This coil is attached to 
a disc. A, moveable on a vertical axis, and a graduated card is fixed on top of the coils 
on which the deflection of the needle may be observed ; a piece of talc is cemented to 
the card at 90°, to check the violent oscillations of the needle. 

The ends of the coil are connected with the terminals o and a by wires, sufiieienyy 
long to allow of the graduated disc and coils being moved round by the handle, A, so 
as to bring the zero point to correspond with the needle when it is in the plane of the 
magnetic meridian. A single cell of a Smee or Daniel battery is generally sufiident to 
work the instrument : it is shown at z, one pole being in connection with n, the other, 
through the intervention of a contact maker, with p. 

To understand the action of the instrument, let us suppose the wire^ w, to be unbroken 
at / f', 8' a'-f when contact is made at h, a current passes from z to h where it bifur- 
cates, and as the two wires hap and nop offer equal resistances, one half of the 
current passes through each channel, the currents reunite at p, and pass to i, com- 
pleting the circuit. 

Neglecting the resistance of the external connections between z and n, and z p, whieh 
do not influence the result : if the electrical tension at N be represented by 10, at P it 
will be 0, and at a and o it will be 5, hence there will be no current between o and A, 
and the galvanometer will be unaffected. If now a resistance of 1 mile be introduced 
at 8 and an equivalent resistance at /, the current will bifurcate equally as before, but 
the tension at n, s', and «, will be much increased, and that at o and a will be 
diminished proportionately ; but being still equal on both sides no current will pass 
from to A, and the needle of the galvanometer will remain at rest. 

If, however, the resistance introduced at « « be either less or greater than the 
resistance interposed between «', a', the current will no longer divide itself equally at 
N ; the distribution of the tensions in n a p and nop will no longer be similar, the 
tension at o will be different from the tension at a, and an electric current will be 
established between o and A, causing a deflection of the needle of the galvanometer, 
and the direction of the deflection will denote on which side the resistance is greatest 
The general law of this instrument may be thus stated : — 

The conductors nap and nop being united at n and p, the relation between the 
electric tensions at n and p must always be the same for both conductors, however 
the resistances of the conductors and the tensions may be varied. Hence the electric 
tensions at a and o will be equal as long as the following proportional resistances are 
maintained, na:ap::no:op (vide p. 639), and as long as the electrical tensions 
at and a are identical no current will pass between them through the galvanometer. 
It will now be dear that, having introduced into the circuit on one side of the paral- 
Idogram a conductor having an unknown resistance, we can determine its resistance by 
introdndng known resistances into the circuit on the other side until the galvanometer 
M^g ao longer affected, we know that the current is equally divided, and that the 
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miitHicw on both iid« an Vfpti. Tha mods of Tmijiog Uu leuelaiMM U by taetus 
otrtriifamet mUt aod nbotfott. Th« fonasr we u«d fbr oouidenilils rewtaiiMa, 
tfak>t»i fig that cfmaUarvalne. BaiietaiiM ocdli u« nmplj Mils of Ah ooppw 
win tnmlklcd with cotton uid woniid onbobbitix, tnd of toeh length u tooffer to tlia 
ebotrie esrraal radataiiDeg eqoal to •« man; miles of & muidard condnetor ; tber are, 
<i oouna, prepaiad with tfae ud of the ' ' Fanllelogmn." Ths bobbins ■» kriMiged 
■» (k«t the; on be introdnwd mngl; or in oombinmtion into the electiie eircnit. 

A eonteniest form ii UuA BhovD in &%. 67 M b. The em]M an innde the box and 
thaiTEndt maoldered to IhebranpUteipp, which are ininlated from each other. 
The *dmU bnu* pitu i b, vheii placed in the holea between the plato, form conaee- 
tioos between tiiem. // are two binding loren for intmdnciDg Uie appamdu into the 
dmiit. When all the pine aie in their Bobkete the onirentpaweafrom/ to/throngh 
tke bnM platei p p, uid the pna b b, Ibe renetancM of whicli aro inngnificant. If 
M« pin ft, be withdrawn the ouieut ie compelled to tiaTene the coil beneath it in 
pMriiig fran (, to b„ and in this way anj ooil, or an; oombination of the ooiLi, ma; be 
iatrodneed into the drcnit 

The Bliecetat is an Invcoitian of ProfeBOr 'Wbeatatone. The origlaal form is ihovn 
in flg. SS, and a modified form in fig. S9, in the fbrmer a copper wire of about twenty 




guge ie wound on an insulating cjlinder i. A braee cjlinder c is placed parallel 
to the former, and cloee to it, and the wire can be wonnd off one cylinder on to the 
other ; the end* of the wire oommnnicate bj nteana of aprings with the binding 
•enwi B B. When wonnd on the ■"■"I>*'"b ojlinder the cnirent of elaoteidty il oom- 
pelted to paea throngb the whole length of tbe wire ; bat when an; portion of tlie 
wire ia wound oS i an to a, that portion of the wire is put in oonnection wilh the 
Mndaeting metal of o and ite ruustance becomes piactioall; nit. 

Tbe number of tnnii or parti of a torn on the insnlating cylinder are read b; means 
otaM«dec(,andagradnBted circle 7. 

Tbia form of fibeoelat is TCt; perrect in ita action, but it ia ttoubleaome to wind and 
■nwind the wire, and if not earefnlly used the wire becomes loose on the cylinder, and 
ooe tnm ridei on another. A different form of Bheostat hae been made by Mr. 
Bedcer, ot Ueaars. Elliot Brothers' firm, in which the wire i« wonnd permanently on 
aa innlating eylinder, and any number of tarns are introduced into the circuit b; 
neana of a greoved wheel w, fig. 69, moving on a graduated bar a a. When the 
eylinder is made to rotate the wheel ii screwed along the bar, ot the bar may be 
piiiMul back by hand and the wheel slippedalang it to any point desired. This furm 
*TM7 oonvenient, but it baa one deftot, tIi., that the contact between the wheel 
and the wire is sometime* imperfeot, and unleas this be attended to great errors may 
arise fannthia source. 

The eontaot maker is eeeential in obeerratioiis with the parollelogism, as irreapec- 
Unofthe ineonTenience of working withont it, the temperature of tiie wire ia 
inoreased by the continned paasage of a minent of electridty, and a lonrce of error is 
(hot introduced, owing to the Taiying condnctivity of metal* at diSennt (emperatnrca. 
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To bring the needle of the galvanometer to rest a magnetised sewing needle may be 
employed, and with a little practice it can be brought to rest so quickly that tbe 
delay which would otherwise result from its oscillations, each time that the current is 
made to pass, becomes quite insignificant. 

* In testing the conductiyity of the copper wire to be used for submarine cables, tbe 
parallelogram is now extensively used. The electrical resistanoes of the ooibof 
galvanometers or electro-magnets are also readily obtained by its aid. 

Messrs Siemens and Halske avail themselves of the parallelogram, in disooveringthe 
position of a fault in a submarine cable during the process of manufacture. The ends 
of the cable are connected to the binding screws a o, the cable eontiuning the firalt 
of insulation being coiled in a tank of water, so that the fault forms an earth con- 
nection — one pole of the battery is attached to p and the other pole (through a oontaei 
key) to the earth. It is evident from this arrangement, that if tbe fiiult exist exactly 
at the centre of the cable the resistances on each side will be equal, and the galvano- 
meter will not be deflected ; but if it be nearer to one end — 
Let B represent the resistance of the whole cable 

Xf y, the respective resistances of the shorter and longer parts from the ends 

to the point of leakage, 
r, the resistance which must be added to a; to make the tensions at A and c 

equal. 
w and w' the resistances of the two sides of the parallelogram f a and r c, 
supposing them not to be equal, then we have — 

w : y :: w' : r + x 
and R «* a; + y 

whence I = «^^''' -J*:^ 1 ^:r = ''-'" 



w' + w f or, if w = w' as is 



o 



_ ir a + w r i usuallyihe case J « _ r + r 
~w' + w / \ ~2~ 

This same method will evidently be applicable for discovering the position of a 
fault in the insulation of a submerged cable coutaining several conductors, as long as 
the insulation of one of the conductors remains perfect. Should there be no well 
insulated conductor between the extreme points, other modes of testing for the 
position of a fault in a cable inu.<t be resorted to. Messrs. Siemens and Halske have 
generally used tbe three following : — 

I. Find a^ — insulation from one end. 

6. = ,, from the opposite end. 
c = known resistance of cable when perfect. 
II. ,, a — continuity from one end. 

h — J, from the opposite end. 
c = as above. 

III. ,, a = insulation ) . . 

' ,. ', t '^^ the same end. 

a = continuity ) 

c = as above. 

From these three sets of data the resistanoes x and i/ from the ends A and B may be 
derived as follows : — 



From I. X =^ 



I 



2 • 2 
b.-a^ c 
"1- ^ 2 
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From II. 



•T 
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^ 1 + V u 

a 
where w = -r • 


-b 
-a 



From III, X = a — y/ {a. — a) , {c — a). 

These three tests may be compared and mean ralaes of x and y deduced from them. 

It is to be understood, that bj the term insulation of a cable is meant its electrical 
resistance, when the far end is insulated ; and that by the term continuity is meant 
its Tesistanoe, when the far end is connected with the earth. 

The above formuUe are based on the suppositions that the cable contains only one 
&nlt^ that the earth's contact is the same in both tests, and that it is not polarised, 
otherwise the equations will not give true results. 

For further information on this subject, vide * The Report of the Committee on the 
Construction of Submarine Telegraph Cables.* 

Blank Form for Telegraphic Messcu/es. 

PREFIX Code time No. of words Time receiyed M. 

Kme forwarded M. 

Signature of receiving Clerk . 

The following message, forwarded from and received at 186 . 

From To 



} 



P. Q. 



Signature of person sending- 



Hany of the illustrations in tbis paper have been copied from those in Ghtvarret's 
'TAigraphie Electrique,* and some from Sbaffner's 'Telegraph Manual,' and both 
these works have been largely oonsulted in its compilation. 

w. 

WATER MEADOWS, or IRRIGATION.* 

Skotior I. 

This term is used in our own country to express the only system of irrigation 
whieh the routine of the farmers has allowed to be applied upon a large scale. It 
is true that the comparatively equal distribution of the rain-fall over the whole of 
the year, in the latitudes of the British Islands, renders the application of artificial 
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irrigation less necessary in them than it is in drier and wanner olimatea. Bat 
ihe climatological conditions of onr wide-spread Colonies differ so vastly, that it is 
highly probable that Officers of the Corps of the Royal Engineers may be called upon 
to advise upon, if not to execute, works of this description in onr more remote depen* 
dencies. In the following notice, therefore, the practice of other nations will be 
described even more in detail than that of oar own, with a view of laying before the 
profession the resalts arrived at by the widest and most varied experience, and of 
furnishing a guide in the greatest possible number of cases. 

The subject is, however, so vast, and our space so limited, that evidently many 
of its important parte must be omitted, or treated in a somewhat cursoiy manner. 
Indeed, as the application of water to agriculture involves the examination of the 
principles of structural botany, and as the means of distributing it trench np<m the 
principles of hydrodynamics, it must be evident that it would be impossible to treat 
of them all within the limits of this article : it is proposed, therefore, to render it as 
succinct as possible by referring to the best authorities for an account of such 
principles as we may be compelled to notice without elaborate investigation. 

HISTORICAL SKETCH. 

Like all the other arts and sciences, irrigation appears to have been derived 
originally from the East ; for it is recorded to have been employed by the inhabitants 
of those regions from the earliest periods. In China, Assyria, and Egypt this mode 
of increasing the fertility of the land seems to have been coeval with the establish- 
ment of definite forms of society ; or at least the earliest records we possess of those 
nations mention the attention paid by the respective communities to irrigation. Of 
course, little fsdth is to be placed in the history of the Chinese ; but inasmuch as 
their traditions assert that considerable works were executed for this purpose about 
2240 years b. o., it is to be assumed that the art of applying water to cultivated lands 
by artificial means is in that country of very great antiquity. Moreover, as rice is 
one of the the staple products of China, and as it cannot be produced, except under 
very peculiar circumstances, without irrigation, it is reasonable to suppose that the 
latter process must have occupied the attention of this singular nation at a very 
early period of its history. The extreme subdivision of property in China has how- 
ever modified the application of the science of irrigation there ; because, as the fields 
are small, and manual labour perhaps at its lowest rate, the prevailing character of 
this class of works may be described by stating that the waters are usually raised by 
machines moved by hand, or occasionally by the labour of animals. These machines 
appear to be very simple, or, rather, imperfect. It does not appear that the Chinese 
are much in the habit of constructing irrigation canals on a large scale, or reservoirs 
to store flood waters (unless it be for the service of their canals), or longitudinal banks 
to direct or control the periodical overflows of their great rivers. In fact, this art, 
like all others, has remained in a rudimentary state in the hands of that nation. 

In India the inhabitants appear to have early felt the necessity for, and to have 
taken measures to secure, an artificial supply of water to the agricultural distrida not 
immediately situated upon the banks of the large rivers of the peninsula. To attain 
this object mauy vast canals were formed, conducting the waters of the Indus or the 
Ganges, or their tributaries, to the districts to be irrigated ; and large reservoirs were 
also formed to store the torrential rains which fall at certain periods of the year* 
The dimensious of these 'tanks' are frequently colossal; thus, that of Bintenny, 
although now half-filled in, is said to have a circuit of about 8 miles ; that of Oui- 
dslaj baa a drcuit of about H miles, with a depth of about 24 feet at the head ; that 
of Ifaittery has a circuit of about 20 miles, with a trausverse dyke of not less than a 
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mile in length. In &ot^ every pxindple of legieUtion, religion, or snperstition appears 
to baye been made to cooperate with the extension of the aygtem of irrigation, so 
indiapeniable for a nation enbaietbg almost entirely npon rice. 

Bat perhaps the origin of this sdence may be traced to the Iranian Empire, alike 
the cradle of the arts as it was of the languages of the civilized world. All the 
anthors who have treated of that singular nation, — ^with which, thanks to the labours 
of Mr. Layard, assisted by the profound science of Major Bawlinson, we are beginning 
to become, as it were, practically acquainted, — all have assigned a very remote 
antiquity to the ' Hanging Ghu^ens of Babylon,* and even a more remote date to the 
iirigation canals upon the banks of the Tigris and of the Euphrates. One work upon 
the latter river may be especially mentioned ; it is the artificial lake Nitocris, formed 
to reoeive tiie flood-waters of that river, for the double purpose of storing them and 
of preventing their destructive ravages. According to Herodotus, this lake had a 
drcuit of 20 miles ; according to Diodorus, the circuit was 75 miles. Under the 
rule of Mohammedanism, however, it has totally disappeared, together with nearly all 
the other works executed for similar purposes. 

In Bgypt, the peculiar character of the climate and of the Nile appears to have 
ooenpied the attention of the earliest legislators and rulers of the country. Immense 
canals were cut, by means of which the rising waters of that river were distributed 
over larger areas than they could reach naturally ; and transverse dykes appear to 
have been formeci to facilitate the deposition of the fertilising mud they contained, by 
constituting, as it were, so many ponds of still water. General Andr^ossy, in his 
aeoount of the French expedition to Egypt, mentions in detail the nature of these 
works, and he states that in Upper Egypt they are even now tolerably perfect. 

The canals, which served to conduct the waters during the inundations, became 
reservoirs when these had subsided ; but, as they were necessarily at a low level, the 
waters were forced to be raised by artificial means. The Archimedean screw is said 
to have been invented by the philosopher firom whom it derives its name, during his 
travels in Egypt ; and it is certain that the noria was firequently employed in such 
positions as those alluded to. Many of these machines are even employed at the 
present day. But the most remarkable work executed by the ancient inhabitants of 
Sgypt is unquestionably the lake Mooris, which served to store the waters of the 
inundations. Pomponius Mela states that the area of this reservoir was about 1500 
aeres ; whilst, according to Herodotas and Strabo, it was double that size. It was 
ibnned by Menes, who also executed other very extraordinary works for the same 
purpose of regulating the inundations of the river, and of storing its waters against 
the dry seasons. 

In Ethiopia and Nubia similar methods to those used in Egypt appear to have been 
anciently employed. In Palestine and Phoenicia irrigation was also adopted ; but the 
usual practice appears to have been more confined to the watering lands by simple 
naehines than by costly and extensive deviations of running streams. 

The Ghreeks do not appear to have paid any attention to the useful application of 
hydraulics, cither for irrigation or domestic purposes. Nor do the Romans appear to 
have devoted much attention to the former subject, whilst the latter occupied one of 
the most prominent places in their consideration. Cato and Virgil allude to irrigation, 
it is true ; but, very singularly, no authentic remains of canals, water^oourses, or 
reservoirs for this purpose, constructed by the Romans, have been found in any of 
their numeroas possessions ; whilst it would be impossible to cite a province in wbich 
vestiges of the colossal works they erected to secure the water supply of their towns 
may not be found. 

In the middle ages, the Visigoths constinicted several very important irrigation 
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canalfl in the South of France and in Spain ; and the Arabs, who sabteqnently became 
masters of the latter oonntry, continned the works of their predecessors, adding to 
them the constmction of storeage reserroirs, and the application of the noiia— a 
machine they introduced wherever they established their dominion. In CSataloaia, 
Valencia, and Andalusia, the irrigation canals constructed by the Arabs are, even at 
the present day, in a very perfect state. Upon one of them, in Valencia, that of 
Almazora, is a syphon of about 510 feet in length, which wonld prore that the state 
of hydraulic science had reached a very advanced point amongst that anomalous people. 
In Upper Catiilonia it is not uncommon to see norias set in motion by wind-mill% for 
the purpose of raising water to the upper districts. 

In modem Italy the science of irrigation has made perhaps the greatest progress, 
and, singularly enough, it would appear to be the most practised in the districts 
formerly occupied by either the Gothic or Visigothic tribes. In the Piedmootese 
dominions, and in Lombardy, the most perfect system of irrigation which can be cited, 
perhaps in the world, exists ; whilst in Central and Southern Italy very little has been 
done to apply to useful purposes the numerous streams descending from the Apennines. 
As many of our future illustrations will be drawn from Upper Italy, it may auffioe at 
present to mention, that frequently the artificial water-courses of that country have 
been designed with a view to render them applicable to the purposes of irrigauon and 
of navigation at the same time ; and that in Piedmont many laxge reservoirs have been 
formed to store rain-waters. 

In the South of France, also, the Gothic tribes introduced the system of irrigatiott. 
One of the largest canals formed for this purpose in the Bastem Pyrenees is called, 
even at the present day, after Alario, and is usually believed to have been oonstmcted 
by the orders of that conqueror, who would seem occasionally to have had ideas of a 
diflfereut nature from those usually attributed to him. In the centre and in the North 
of Franoe partial irrigation is carried on by diverting some streams, and, like thoae in 
the South, they appear to be of very great antiquity. Storeage reservoirs for rain- 
waters exist only in the South. 

In Germany, Holland, and Flanders, it is very rare to find any other kind of irriga- 
tion than that known in our country by the name of water meadows ; nor do the 
means employed exhibit more ingenuity than those we are aooustomed to at home. 
In fact, the climate of Northern Europe is far too moist to require any great outlay in 
securing an artificial augmentation of the prevailing characteristic ; and the difficulty 
the scientific farmer has to encounter is rather the excess, than the want, of water. 
All these countries, like our own also in this, adopt the practice of * warping' (which 
will be described hereafter), for the purpose of retaining the materials in snapensioii 
in the tidal waters of their estuaries. 

America is still too fresh to require the application of science for the extraction of 

its agricultural wealth. There are a few water meadows in the alluvial plains of 

North America, but the science of irrigation, not being yet required, is of conrae in a 

rudimentary state. 

General Principles of Irrigation. 

It may be asserted, as a general rule, that there are no countries to which irrigatioa 
may not be usefully applied ; but the atmospheric conditions of the intertropical and 
of the glacial zones are such as to render the economical results of the operation often 
very questionable in their cases. For, firstly, it is well known that as we proceed 
from the temperate zones towards the Poles, the average annual rain-fttU tends to dis- 
tribute itself more equally over the year, even if the total quantity be not greater. A 
general system of irrigation in such countries would necessarily cost as much as in any 
other ; but the occasions for its use would diminish more and more as we approached 
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tlM Poki. In ibe iniertropioal regions, on the contrary, the exoeniTe heats would 
require much greatar qnanUties of water, and the cUms of Tegetation thni called into 
existence woold be of a nature so totally different from that aimed at in the temperate 
sones, that none of the present mles for the management of irrigation wonld apply. 
The most saUsfactory resnlts hitherto attained hare been unquestionably those to be 
mei with in the temperate zones, and it is to them attention will be principally 
directed. In our hemisphere they may be considered to be comprised within the 25th 
to the 67th degree of latitude, although, as is well known, modifications of the system 
are applied in much higher latitudes. In the southern hemisphere the zone adapted 
for irrigation may be regarded as being of about an equal breadth. 

The irriffdble region of the northern hemisphere may be separated into four sub- 
divisions, founded upon the class of produce which characterises them. The first 
would be the lone in which rice is cultiTated ; , 

The second, that in which the oUyc is raised ; 

The third, that in which the vine is raised ; 

The fourth, that in which wheat is the staple produce. 

Like the zones adapted for irrigation, the subdiyisions are not to be considered as 
defined by any regular line ; for the greater or less proximity to the ocean, the greater 
or less number of mountuns in any of them, and the relative general dip of the surface, 
alter singularly the warmth, or the moisture, of any particular place. 

In the neighbourhood of towns, in all the subdivisions, the production of garden 
vegetables gives rise to a peculiar kind of cultivation, which requires the application 
of water every day. The instances where this is effected by irrigation, properly so 
called, are very few, and the means usually employed are to raise the water requisite 
from deep wells by the simplest machinery possible. Some of these will be described 
i^ the sabsequent parts of this article. 

Reversing the order of the subdivisions, to consider the kind of produce most likely 
to be benefited by irrigation, it is to be observed, that unquestionably the greatest 
advantage to be derived from it is in the fourth zone and in the application to water 
meadows such as may be called ' natural.* 

Artificial meadows also gain by it^ and to such an extent, that it is asserted that in 
Spain and in the South of France the lucerne will yield as many as eight or nine crops 
in the year. In the North, there appears very little reason to doubt but that an extra 
erop might be obtained from this grass, or that the yield might be increased one- 
quarter. The sainfoin also gains by irrigation ; but as it is a hardy plant and grows 
tolerably in very dry situations, it is more particularly reserved fur drier positions. 
It is a received axiom, however, amongst continental farmers, that the most beneficial 
application of irrigation is to natural meadows, and the practice of our own farmers in 
this is precisely simihur. 

Occasionally, in the most northern subdivision, it would be desirable to be able to 
irrigate com lands, as in the year 1846. The expense, however, would always be too 
great for the benefit to be derived. 

It may be as well to observe that by the term ' natural meadows* is meant such as 
have a vegetation of which the graminess form the base ; such as the phloeum pratcnse, 
Idium perenne, festuca sylvatica, poa pratensis, &c The term ' artificial meadows ' 
implies such as have a vegetation composed of the leguminosss ; such as the medicago 
sativa, trifolium pratense, vicia sativa, &c. ; all of which latter class are sown regu- 
larly every year. 

The waters used for the purpose of irrigation are not equal in quality, and care 
must be taken in their selection. Those which flow from forests, peat mosses, or such 
as contain lai^ge quantities of the oxide of iron, are but little adapted to such uses, 
TOL. m. z z 
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even if the two Utter may not be considered positirely injnrioas. As a general role, 
those waters are the best which have been the longest exposed to the air, or in the 
proportion in which they have traversed fertile lands able to oommnnicata wme of 
their properties. It is on this acconni that the waters flowing throngh towns or 
yilUges are the most desirable. Streams which rise from the granitic or primary 
rocks are always more advantageous than those from the secondary formatiooi. It 
would appear also, that they hold in suspension a considerable quantity of potana ; 
and this substance is in the greater number of cases required to correct the nature of 
the soil of the alluvial valleys. The waters from the secondary limestones develop 
the growth of the carez, and of some of the poorer gramines, precisely in the proper^ 
tion to which they are able to hold in suspension or solution the salts of lime. Bocks 
of the argUlo-calcareous character, or marls, yield springs of an intermediate character. 
But it must be always borne in mind, that the condition to be fulfilled by any water 
for irrigation being to correct the deficiencies of the soil traversed, it may frwinently 
happen that calcareous waters may be the most adapted to improve the atgiUaeeous 
formations to be met with in some of the primary districts. 

Sea- water mixed with fresh, or the brackish water of embouchures, is highly fitted 
for irrigation ; and cattle are known to eat the grass grown in salt marshes with 
remarkable avidity. It may, however, be stated generally, that a very simple crite- 
rion of the quality or adaptation of water to the purposes of ixrigation may be fbond 
in the vegetation of the natural channel. If it be covered with a luxuriant rigorous 
herbage, and the latter be of a good quality, the water of the stream may be safely 
pronounced to be adapted for the proposed use. 

The description of soil which derives the greatest benefit from irrigation is thai 
which is the most permeable, and which is the most easily warmed. Compact^ dayqr 
lands, on the contrary, gain the least, because they absorb with greater difficulty the 
heat necessary to insure that the water should produce the greatest effect. Moreover, 
as such lands are very retentive, the water they hold produces a very iigurions effset 
by cooling the ground when evaporation takes place. In this kind of soil then it is 
necessary to let the water on at intervals of some distance, according to the tempera- 
ture of the season. In all these general remarks upon soils, it is to be observed, that 
although the word * soil * only has been used, yet in fisct the subsoil is &r more 
important even than the supei-ficial soil, and that they only apply to the former 
invariably. Indeed, if a stratum of clay be found upon a bed of gravel, it may be 
irrigated as fully as a lighter soil, whilst a sandy stratum upon an impermeable bed 
must receive the smaller quantity of water. 

As to peaty lands in a dry utuation, MM. De GKrardin and Dn Breuil states that 
they require frequent irrigations, but so arranged that the waters should not remain 
long upon them. The water must be turned on in large masses, and made to cirea- 
late with great rapidity ; for it has been found that the peat in such cases parted with 
a great portion of the acid and astringent properties it contained. 

The epoch during which irrigation is most profitably employed depends to a certain 
extent upon the object it is desired to efifect. In the first, second, and third sonea, 
this is principally to develop the progress of vegetation by lowering the excessive heat 
of the soil, and to obviate the inconvenience of drought. In these cases, evidently the 
operation should be performed in summer. In the third and fourth zones, however, 
water is often turned over meadows for the express purpose of protecting them from 
frost, and consequently should be applied in the winter. But in all, if it be desired 
to secure the deposit brought down by the streams, it is advisable to irrigate between the 
end of the autumn and the beginning of spring, for it is at this period of the year thai 
the largest quantity of sediment is brought down frx>m the upper country. Indeed, if 
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ft tMTgt qaantitj ef aedhetnt mre broo^t dam in nmniflr, it would be iM«e«Mu7 to 
■faol off tha itreua, beeftnn th« impklptbis poirdet thni dapoaited apoa Uie Imtm 
of thapluti would rcndsr Oiom nnfit foe CfttUs. 

In WMm wnther, the Uma of d&j dmiag which irrigation takci place ii alio to be 
waadavd. It ha« omallT been ofaMrrcd tiut Iben ii danger in appljingitwfaenth* 
boat t* the grtalert, and tbat it U preferable to let tbe vaten flow otot the groond 
in Iha morniog, or more parUcoUrly in tbe eToaiag. When, boweTcr, inigaUon ia 
prinaipaDjr need aa a preaenatiTO bom froat, it shoald be applied dnring the 
whole day. 

Tei7 little ia Imown with reapeet to tbe pndie qnantitj of water neceseai? to ini- 
pt« a deSnite aorfaoe. Indeed, it mnit be difficult to arrire at anj Tery predee 
BotionB npon tbii qoeetion, becsnae the oatare of tbe aoil and of the lafaacul, ai well 
aa the hjrgtomotrio conditioDi of the atmoapbere, inflneDoe ita aoloUon. ?rom obaerva- 
liooa made in tbe Sonth of France b; ITadaalt de Boffon, howerer, it appean tbat an 
un of meadow land reqniie* about 1200 cabic feet per da;, daring tbe leaaDn for 
iiTigation. In mora northerlj aitnationa it would certainly not be necenary to employ 
aura Umw half of thii quantity, eren upon tolenbly light landi. 

Tlnra are eerttdn primaiy oondildonB reqniaite to the eatabliabment of a good 
l^ttnn of iirigation, wbiob may be briefly etiled to coniiit in tbe fiunlity for ■ecoiing 
a eonatant inpply of water, and inch a eonfigoiatioii of tbe loil as to eecnre a regolar 
enmnt orer it, and a perfect diacharge toi tbe water after it ehall tttTC performed il« 

When tbe irrigation ii to be effected by a ranning itream, to wbiob the proprietor 
of tha land haa an nndiipnted nghl, >o long aa it ia within hia pcaaeanona, tbe 
deviation of the water may be effected uther by a dyke or dam acroea the whole 
*id^ of die etream, a b, fig. 1, or a portion only may be dlTcrted by means of a 
^or, ed, tg. 2, or finally the tnuurene dyke may be made with a batch ao aa 
to n^inlata the flow. A tranirene dam acron the whole etream ia, whererer 
poawble, tbe moat deairable, beeanie it enablea the water to be penned back, and thni 
ta be ponied upon higher parta of the land : ibonld tbia mode of raiting tbe lerel of 




Dmn dlTertlng a portion of ita 
the water be adopted, care mn>t be taken to prerent tbe flooding of npper lande 
belonging to other partiet, and it mnit be borne in mind tbat tbe top water-line of 
n interoepted itnam ia nerer boruootal, bat tbat it aaiame* a hyperbolic carre, 
Joining the natnral declirity at a diatanee varying with the inclination of the bed. 
If theaa meani ahonU not be mScient to pour the wstcn oTer all the meiulowa, 
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it will be necessary to employ meohtuucal means. (Ste 'BiYer NaTigatioBi* 
section i. ) 

When the stream is of small yolnme, it is often fonnd that the infiltration and 
eyaporation from the leading channels will so diminish its yield as to leafv hardly 
any water for the lower or remote portions. This may be remedied by the oonatmction 
of rescrToirs in which the water is allowed to aoonmnlate, and from which it is dis- 
tributed in flushes. 

The construction of artificial reservoirs also fnmishes the means of irrigating 
districts iu which no natural water-course exists. By throwing a dam aoroai the 
narrow gorge of a deep valley, in the manner frequently employed for canal reserroirs, 
it is easy to retain the rains falling in superabundance on the highlands during the 
winter months, which are subsequently poured upon the low lands in summer. For 
the mere purpose of irrigation, these reservoirs do not require to be constmeted with 
the perfection necessary for canals. They may be made with a transverse dam of 
earth, if it be of a nature to resist infiltrations, and the outside either covered with 
turf or dry pitching. The crown of such a dam should have a width equal to half its 
height, and the base should be at least three times the height ; the batter should be 
on the inside, towards the water, and formed in steps ; it would also be preferable to 
make the dam convex to the inside. The top should be about two feet above the 
highest water-line, and two sluices are to be placed at the bottom, one for drawing off 
the water, the other for cleansing the bottom of the reservoir. The reader is referred 
to the article upon Biver Navigation, section ' canal,* for the details of the other 
precautions to be observed in the execution of these works, which might be made to 
render immense service to agriculture. 

In Piedmont many such irrigation reservoirs have been formed ; in Spain the Arabe 
constructed several very large ones,— amongst which, the one near Alicante may be 
particularly cited. In the Jura, and the department de TAin, in Switierla&d, Hun- 
gary, and the Tyrol, the practice is sufficiently common, but in our own oonntry it 
can hardly be said to have been tried unless upon the Duke of Portland*s estate. 
The average proportions of the reservoirs in Piedmont seem to be such as to require 
a water surface of 1 acre to every I4 acre irrigated, with a depth of about 1 yard 
to every 2 acres of water. Evidently, however, it is desirable that the depth be as 
great as possible. ' 

The dimensions to be given to reservoirs must be influenced by the nature of the 
soil to be irrigated and the crop to be raised, far more than by any general rule ; 
the climate of the district in which they are to be constructed must also be taken into 
account. We have seen that in the South of France 1200 cubic feet per acre per day 
are required ; but if the soil be very permeable, and it should be impossible to make 
tho water serve two or three times, much more would be required . Again, in the 
same region it is sufficient to irrigate five or six times after the first crop is carried, 
to secure a second, and an aftermath ; but to calculate that a reservoir able to furnish 
from 6000 to 7000 cubic feet per acre would be sufficient, would lead to serious dis- 
appointment. For iu this case the winter irrigation would not be taken into acoonnt, 
and probably it is more important than that during the summer months. If the 
reservoirs be well constructed, it is true that the excess of the heavy winter rains^ and 
the greater volume of land springs, may efiect this object ; but it is far too important 
to be loft out of consideration, and if the locality do not contain any natural resonross 
for the supply of this particular brauch of irrigation, the capacity of the reservoirs 
must be doubled. In many positions the heavy summer rains allow the reservoirs to 
be refilled several times ; but experience has demonstrated that it is not pmdent to 
enknlate on this resonroe, and that it is advisable to make the reservoirs snifieientiy 
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largo to insure their being filled in the months firom September to December 
inclnded, to contain all that can arrive in them daring that period, and to nse the 
waste water for the winter irrigation. The precise quantity cited above is, however, 
obHj to be taken as applicable to the locality named : as was before said, in onr more 
northerly climate, in all probability it wonld not be necessary to nse more than one- 
half the water required to insore the perfect irrigation of the meadows in Italy or 
Southern France. 

The remaining details of the application of a system of irrigation must depend 
necenarily npon the greater or less proximity of the snpply, and of the local fiicilities 
for its application. The first condition to be attained is that the water spread over 
any snrface should be able to flow away easily, and not to lodge in the lower portions ; 
for directly it becomes stagnant, it develops the growth of noxions plants. From this 
arises the necessity for previously arranging the levels of the land to be irrigated, so 
as to attain the following conditions : 1st, the waters most arrive by the culmina- 
ting points ; 2nd, they most be distributed over the lower portions falling away from 
thete points ; Srd, they must be collected in the outfall drains immediately they shall 
have passed over the land to be irrigated. 

The arrangement of the surface of any land, in order to obtain these results, differs 
aoeording to the nataral configuration of the ground, which is found to be the most 
advantageous when there exists a natural declivity over the whole surface. In such 
cases as those represented below, nothing is required but to level the ground by filling 
up the lower points, a ▲, by means of the earth removed from the upper points, 
B B, 80 as to secure a perfectly even surface in the direction of the line c d. When the 
land is horizontal, it becomes necessary to create artificial inclinations similar to those 
mentioned, in order to facilitate the discharge of the water ; and with this view a series 
of indined planes are formed, beginning from the point where the water enters the 
field. The earth is remove! from the lower parts of these depressions, and heaped 
up in the centre, so as to insure a double fisill from the latter : each of these planes 




Fig. 3. — Section of land to bo regiilariBcd for irrigation.. 




Fig. 4.— Section of land disposed in iucliucd planes to rocoivo irrigation. 

htm at its culminating points, a ▲, a channel for the purpose of distributing the water 
sad a drain at the lower points, b b, to receive and carry off the waters after they shall 
have produced their effect. The rate of inclination of these planes varies between 
1 la 1000 to 1 in 100, according to the nature of the ground. In light and absorbent 
soils it requires to be slight, in order that the water may remain long upon them, 
snd that it may not scour the ground ; in compact heavy lands, on the contrary, the 
inclination ought to be greater. 

The width of the planes is also regulated by the nature of the soil ; the more com- 
pact this is, the wider the planes ought to be made ; because the water can flow over a 
greater surfiice without being absorbed. In light and very absorbent soils the 



702 



WATXR HBADOWS, OE IKSIOATIOM. 



pUaea ooght to b« DarraTer : the vidth in ths fint inlUlicv tatj b« kbont 130 Im^ 
whilit in the second it nut; be necesw; to oonfiaa it to aboat 26 fecL 

In all eaiea in vhieh it is DSMSsarf to ex«eat« an; Murth-works in order to pn tU 
requisite form to tiis gionnd, it will be adTiubls to remore tbe toif in ragnlar Irnjm ; 
wli«n tfas vorks shall have been completed, this will be replaoed, and earefollj beatan 
down npon the soil, ht tbe pnrpoae of obtvning mare npidl; a sni&ce oorsred witk 
grass of a good quality. 

The main eonduelor recwTes the waters directly froDi the ri»ar, and eonreja then 
to the fetden, whicli aie usoallj placed at tight angles to it, and whieh serre to ^s- 
tribute them orer tbe eorhce of the meadow. Thie eouiae is iii iimiiiij. becanae if 
tbe feeders derired their sappl; diractlj from the rjirer, and the volnne of ths lattsr 
were considerable, in the first plaoe it woold be diSoolt to ngnlate tbe flow, and in 
tbe seeond, if the stream shonld rise ra^dlj, it might hollow the land to a Ter^ seriooi 
extent. BTidentt;, if the river be small, there can be no reason why the feeden 
sbonld not be formed directlj npon it. 

The muD condootor talcee its origin above the weir placed acroas the strewn, lai 
ihoeld be so directed as to convey the water to all partd of the land to be inigatod, 
and its banks shonld be made a little higher than the surronnding land, so as to inrm 
a Sow of water towtird* the lattsr, withont Its spreading iirsgnlarly over ths sidsa. 
The ftoders should, as far as peauble, be arranged perpendicularly to tha laoeial 
inclination of the ground, m is repreaented In figs. SandO, by theUne bd. Insetts 




of the 



Fig. 9.— IrrtgaCk 

cases it is necessary to form secoodary feeders, it 

main feeders over the whole snrface. These are 

tlon of the gronnd, according to tbe line d i, fig. fl, and a 

the inclined pisnee indicated in Sg. 4. 

The inciinatioa of tbe main condnclors and of tbe feeders is nsnally made about 1 Is 
500, which is snfficient to allow the waters to flow with a piuper Tclunty, without 
injuring the bed. In proportion as tbe feeders are removed f^m the sooroe of snn>ty 
they mast be diminished in dimensioe, in order that tbe waters may retain thsir 
initial Telocity. It is nsnol t« confiEM the length of the feeders to aboat 70 feet, aai 
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whcD ths mrfica to U irrigated eioeeds that width, taeoiutrnot lecondftrj canilae- 
(on i Ibr (he vatan do not eiicalat« with soffideiit Telocitj irhen the length ii 




Hg. B— Irrigmtlon vhan tht inter Is used twice. 
grmitz than tiai above itated. The wster irhich has Boired orer th« upper portioD 
ii oollected in tliia cue in (he leoondar; ehamiel, Mid insdo to irrigate a doable poi- 
Uon of land. 




IirljsUaD vbea the gurfiua of the lead ia vlth iiregular inelinatio 
In England, the proeeai of irrigatJon generallj takei place after (be month of 
(Mober, when the aAernuth baa been carried. The water ia Grat kept npon the 
graimd for a fortnight or three weeks at a time ; it ii then let oS; and th^groond left 
, dij for fire or ux daje ; and this proceu of oltematel; flooding and dijing ia e<ai- 
tbnad until the end of Jannarj, care being token to let (he water off if a hard froat 
intarrene. Aa the ipring adrances and the granei ahoot fortb, the perioda of watering 
are ■hortened, ao that the fiooding shall not laat more than foar or Stb da;a eonaecn- 
tirely. In (he «an(beni oonnties of England, (he meadows are readj fur (he reeepUon 
of BtocJc of all kinds in (he middle of March ; bat more towards the north, where 
tha gianca do not make soch larl; progreta, the flooding i> generollj conUnned (hrongh 
the whole mon(h of May : after this it ia diseontinaed for the season, Bad one or mora 
etopaof haj areprodaoed. FloodiDgdariDgthemon(h< of summer prodncesarapid and 
t it is bj summer flooding, where it is practised, that the bUl 
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disease of rot is iDtrodaced, so that no sheep should ever enter the meadows which 
have been flooded during the summer months. 

It is important that the water be removed from the land as rapidly as possible after 
the irrigation has been terminated. This removal of the surplus constitutes, in &ct» 
the difference between water meadows and marshes, and too much attention cannot 
be paid to its attainment. 

To shut out the waters from the conducting channels and the feeders when the 
flooding is suspended, ot to raise them to such an extent as to cause them to flow over 
lx)rtions of the fields they could not reach naturally, hatches or sluices are used. 

The most important of these is the hatch placed at the point where the miin 
feeder branches into the stream. Without this the meadow might be Inundated by 
any unexpected freshet : if the latter should occur when the crop is in a forward 
state, and if it be charged with matter in suspension, serious injury might arise to 
the crop. Similar hatches must be placed at the outfall, in order to exclude back- 
currents ; but of course these are to be raised when flooding is in operation. It is 
also very ussful to place hatches immediately below the points where the secondary 
conductors take their origin, and even occasionally to dose the entrances of the 
feeders, either by a moveable dam or by merely placing a few pieces of turf aeroM 
them. 

Hitherto we have confined out observations upon the practice of irrigation to the 
agricultural region in which wheat is the staple produce of the zone. The same 
remarks apply to the region of the vine, for in it also the application of irrigation 
can only take place upon meadow lands. In fact, all waters appear to have a 
tendency to develop the leaves of plants rather than the fruits or grain; and in 
certain seasons of the year the vapour arising from moist land, so far finom being 
advantageous, is positively injurious, especially when it is accompanied by aadden 
depressions of the temperature, snch as occur in the later summer or the eariy 
autumn, when the fruit is ripening. In the vine district the rainy season ocenn 
during the epoch of the growth of the plant when water is necessary for its develop- 
ment, and although unquestionably periods of drought occur during which the ywm 
would be much benefited by a supply of water by artificial means, yet the oceaaioiis 
for such supply are so rare, as to render it manifestly absurd to undertake aay 
extensive works, or to incur any great outlay for the purpose of effecting it. The 
climate of this region is, however, so dry, that in order to obtain grass or forage, it 
is indispensably necessary to form water meadows. Practically, the general pzin- 
ciples stated as regulating these in the fourth agricultural district may be said to 
apply to those in the third. 

With respect to the olive district, or the second, the necessity for watering lands 
intended to produce grass or to feed cattle is even greater than in the third and 
fourth, for the simple reason that the climate is hotter and drier. In this aone^ 
however, irrigation has been from time immemorial applied to the gardens and 
pleasure-grounds in all positions to which it could be conveyed. The dry, dear, 
burning atmosphere has rendered artificial irrigation not only a necessity for the 
plants, but also a source of luxurious enjoyment to man. In such countries, where- 
ever water can be applied, the vegetation assumes a degree of surpassing vigour nnder 
the combined action of heat and moisture. All beyond the line of irrigation is a mere 
barren desert, the more frightful from its contrast to the watered lands. The valleys 
of Damascus, Grenada, Ilidres, and others situated like them at the base of snow- 
capped mountains, are known as widely as troth or fiction can spread the tale of their 
marvellous beauty and fertility. However, confining ourselves to the mere praetiesl 
question, the same general principles with respect to procuring water apply in this 
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loiie which apply in the others, excepting that instead of being allowed to flow over 
the torfiMe as in the case of water meadows, or of rice grounds, to be hereafter 
described, it is confined in regular channels, and prodnces its effects hj infiltration 
through the light sandj soils preyalling in these regions. The remark made aboTe 
as to the tendency of an excess of water to develop beyond its proper limits the 
leafy parts of plants, is even more tme in the olive region than in the others^ becanae 
the exceanve heat of the climate increases the activity of the vegetative principle. 

The main difference to be observed in the irrigation of this particular district firom 
the system employed upon the water meadows of the two previously mentioned is that 
the former takes place principally by infiltration, whilst the latter acts by flooding the 
land, and consequently that the water-courses of the former are obliged to be kept 
constantly fnU. Such a process could only be snccessfally carried out upon the banks 
of a running stream, fed by what we may call perennial sources. Reservoirs could be 
of very little use in such positions, for the evident reason that they could not be made 
of sufficient capacity to allow of a regular and copious distribution during a lengthened 
period of drought. The character of the husbandry of such districts naturally takes 
its iM:inci|jal characteristics from these circumstances ; and we find that meadow lands 
are rare^ whilst gardens and orchards are common. In the latitudes comprised 
within the lone under consideration, the Indian com appears to be the most adapted 
to supply the place of the grains produced more northerly. 

The last of the regions to which irrigation is applied has been already described as 
that producing rice, which is cultivated to a considerable extent in Southern Europe, 
Asia, Africa, and America, below the 46th degree of latitude. The rice is essentially 
an aquatic plant, and requires to be constantly immersed in order to perfect its 
development. It appears that the quality of the land upon which it is raised is a 
matter of but little importance comparatively with that of the waters ; and that the 
Utter is by 80 much the better as it is charged with the greater quantity of extra- 
neous matter. River and pond waters are the most advantageous ; that of springs is 
the worsts because the purest and coldest, and it should not therefore be employed 
^without being exposed in shallow reservoirs and mixed with animal manure. It is 
usually calculated that it requires about 1 foot cube of water per minute per acre to 
maintain a proper stream over rice land of a tolerably permeable nature. 

In rice countries the cultivation is either permanent, or it performs part of a 
rotation. In the first case the land must be marshy, either Arom the want of outfall 
or from the springs rising in it. In the second case a species of artificial irrigation is 
requisite for every crop of rice to be raised. 

Whatever be the nature of the ground to be converted into rice lands, the first 
condition requisite is that the water be preserved continually in movement^ and that 
all brought upon it be removed. A series of plane surfiu^s must thus be formed, so 
that no part be allowed to remain dry, and that the water be not allowed to stagnate 
in any part. The whole surface must therefore be levelled ; and if it be too extensive 
tat only one such surface, it may be divided into two or more, provided that each of 
them be nearly horisontal. The land is then to be ploughed, and the retaining banks 
are formed: of these there are two sorts, — firstly, the longitudinal ones, or those in 
the direction of the stream, which are intended to last as long as the field is laid 
down in rice ; and secondly, the transverse ones, which intercept the direction of 
the current in an angular direction, so that when these banks aie completed the rice- 
field is divided into a series of polygons. The size of these polygons is principally 
regulated by the difference of the levels of the planes of the respective parts of the 
field. In those which have much inclination they are numerous, in order to econo- 
mise the labour of disposing them in horizontal planes. Moreover, their dimensions 
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are limited by the consideration that the larger they are, the greater probability there 
is that the wind may tear ap the young plants when they only hold by a small root. 
The quantity of water disposable is also another consideration ; and lastly, it must be 
borne in mind that the increased number of banks occupies a considerable sarfMse of 
valuable Und. 

It is usual to make the banks about 6 inches aboTe the ground on the upper nde, 
and about 2 feet on the under ; the width is neyer less than 6 inches at the crown, 
but as the top of the banks often senres for a road as well as for the particular olijeel 
of their formation, this may vary indefinitely. They are made with the earth taken 
from the lower parts of the field. 

When the banks are terminated, as indicated in the following diagram, the water 
is let into the first diyision, and allowed to rise about 5 inches all oyer the suxfiMe. 
Some openings are then made in the lower banks, and the water is sucoeasiTely let 
into all of them ; so that the rice ground becomes conyerted, in fact, into a sucoeasiQn 
of small ponds, separated by the banks. This preliminary indication seryes alao to 
rerify the leyels of the surface, — ^all the portions left dry requiring to be lowered. 

It does not enter into our province to describe more fully the mode of cultivating 
rice, further than to say that during the whole duration of its growth it is subject to 
irrigation by flooding, in a manner varying with the health of the plant, the degree of 




Plan of Rice Groiinds. 

maturity, or the violence of the wind. It is therefore necessary to dispose the 
irrigation upon such principles as to be able to regulate its flow and to shut it off 
occasionally. After the crop has been carried, all the water is withdrawn, and the 
land is left exposed to the action of the atmosphere throughout the winter, and until 
the spring. 

In many localities, both in England and abroad, a peculiar system of irrigation is 
practised, which consists in allowing waters highly charged with sediment to flow 
over the land and to deposit tranquilly the matters they contain. This system is 
known in our own country by the name of ' warping,* and it is principally employed 
upon the banks of the Humber : on the Continent it prevails to some extent in Holland 
and North Germany. 

To resume, then, the different systems of irrigation, so far at least as they may be 
described in a general and comprehensive manner, they may be said to consist of — 
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1. Irrigfttion by lerel channels ; in which the land is disposed so as to have a 
regnlar fiUl, and the water is conducted by means of level channels so as to distribute 
the water erenly oyer the surface in a thin uniform sheet. 

2. Irrigation by feeders ; in which the conductors lead the waters over the whole 
surfisoe, but with less regularity, owing to the configuration of the soil requiring that 
their direction and inclination be modified. 

8. Irrigation by stages ; in which the ground is laid out in a succession of leyel 
planesi over which the water is consecutively distributed. 

4. Irrigation by flooding ; in which the water is let upon the land without any 
prerions leyelling of the surface, and in which great inequalities are allowed to exist 
in the depth of the water and its rate of flow. 

5. Irrigation by infiltration ; in which the water is allowed to permeate the land 
through the banks of the channels or the ponds in which it is confined. 

6. Irrigation by rain-waters stored either in reserroirs at the gorges of yalleys, or in 
channels so constructed upon a hill-side as to retain the winter-rains. 

7. Irrigation for the purpose of retaining the matters in suspension in the waters. 

J)€9enpHon of the Workt required to carry out a tystem of IrrigcUvm, 
There are few branches of Engineering which require more skill than the one under 

consideration, especially in countries where water is yalaable. 
Of the different kinds of channels necessary to carry out a system of irrigation our 

attention may be confined to the following : 

1. The leading channel, or conductor ; 

2. The secondaiy channels ; 
8. The feeders; 

4. The discharging channels ; and 

6. The channels used for irrigation and navigation. 

1. The leading channels are placed directly upon the banks of a stream or a river 
with which th^ communicate by means of works whose nature depends upon the 
ehaimcter of the source and the quantity of land to be irrigated. They usually 
consist of two distinct parts, one lying between the point of junction and the first 
point to be irrigated ; the second comprises the remaining part of the conductor 
with all its ramifications. The first part only serves as a leading channel, and 
itinfftn^ffl* as it does not ^ve off any water laterally, it retains a uniform depth and 
section. The second part, containing numerous branches, has a width varying suc- 
cessively according to the consumption of water by the subsidiary channels. Great 
care is requisite in settling the conditions of this main conductor, especially when the 
volume of the river is likely to be affected by droughts, in order to secure an efficient 
supply in such seasons. 

2. The secondary Ahi^«wft1« bear the same relation to the main channel which this 
does to the river from which the supply is derived, and they should be formed upon 
the higher portions of the land to be irrigated. Their use is principally to distribute 
the waters over the remoter portions of the district. 

8. The feeders are principally designed for the purpose of distributing the waters 
brought down by the channels, previously described, over the whole sur&oe of the 
stages or planes. 

4. The discharging channels are formed in the lower parts of the land to be 
irrigated, for the purpose of receiving the waters after they have flowed over the land, 
and to receive the quantity which may be in excess of that required for the particular 
object of the irrigation. 

5. The ftK*nnftlfl^ or perhaps, moie correctly speaking, the canals, used simultJt- 
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neonsly for irrigation aod navigation, might be rendered a ■ouroe of imm eniie increaae 
to the national wealth in many cases, by employing the water to the greatest ponibla 
extent ; and, as it might also be made to serre as a motive power, it might thus be 
rendered triply prodactiTe. The essential difference between this cUas of canal and 
the ordinary navigable ones consists in the form of the locks, which, in addition to 
the usnal chamber for the passage of the boats, have a sluice so arranged aa to supply 
for the purposes of irrigation the quantity of water required without interfering with 
the movement of the navigation. The flow of the water over these sluices is some- 
times employed also as a motive power, in which cases the tail bays require to be so 
placed ^a to allow the water to retam into the main channeL 

One of the most remarkable instances of the adaptation of an artificial wat^-coune 
to the three uses of navigation, irrigation, and mill- work, is to be found in the canal 
of Favia. In the upper portions the rate of flow is somewhat great, yet the up traffic 
^m Milan to Favia is effected at the rate of rather more than three leagnes 
(84 miles) per hour. The only defect which appears to exist in this canal arises from 
its having been formed in a stratum of permeable gravel, and that serious filtrations 
take place. Nevertheless, this canal, with an average volume of 245 to 250 feet 
cubic per second, serves to support a very active navigation, to irrigate a large district, 
and to drive numerous mills ; whilst many natural rivers of much greater rolume, 
owing to the irregularities of tbeir beds, are not capable of supplying either of these 
sources of employment. 

The first operation to be performed before commencing any large work of irrigatioD 
is to ascertain whether the land is near a water-course with considerable £dl, and 
retaining in summer a sufficient discharge to insure the constant supply of the 
quantity required : secondly, to ascertain whether a sufficiently large surface of level, 
or nearly level, land exists, which, however, must combine such conditions of trans- 
verse section as to allow the water to be removed freely after it shall have perfonned 
its functions, without its being necessary to execute any very expensive works. The 
extent of the surface thus to be irrigated is indeed one of the most important eon- 
siderations, because upon it will depend the dimensions to be given to the channel 
and the conditions of supply from the stream. The most favourable region for the 
establishment of irrigations appears to be near the feet of mountain chains, where the 
inclination, and the supply of water, are constant. 

When these conditions are ascertained to be satisfactorily solved, it would be 
advisable, if possible, to take a contour map of the district, or at least to run as many 
longitudinal and transverse sections as possible. Upon the map so laid down the system 
is to be arranged, — observing that, in so £ir as the direction of the main channel is 
concerned, the shortest line is to be preferred, unless the expense of the earth- works 
bridges, maintenance, &c. be such as to justify a deviation. I^ however, the source 
of supply be in a river whose summer level is exposed to variations, it may freqnentiy 
happen that it would be desirable to give considerable length to the conductor, for 
the purpose of insuring a regular supply. As soon as the principal directions of the 
important works are thus setUed, the ground must be levelled in the direction of the 
main axis, and a sufficient number of cross sections must be taken to allow of its bong 
afterwards diverted, should such a course be found necessary. 

Inclinations. — In statin?, as we did alove, that the inclination of the conductor and 
feeders should be about 1 in 500, it must be understood that the rule only holds good 
in the region then under notice. The question of inclination is really a very oompli- 
cated one, and far removed from these simple appreciations. 

For instance, in navigable canals the difference of level between the extreme points 
is for the most part overcome by locks ; and as the lock-chambers, under any circom- 
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gUnoes, are filled by the water flowbg through the aliiioes under a heavy preMnre, 
% fiUl between a set of looks wonld only impede the aeoending nayigatlon without 
prodnoing any good reealt. A fall of from 10 to 12 in 10,000 is then the extreme 
of all that ehonld he admitted in Buch works. In the main condnotors for a qrstem 
of irrigation this rale requires to be modified, fur as the land must receive a certain 
definite quantity, the fiJl and dimensions of the canal must be modified accordingly. 
The maintenanoe of the banks of the canal is most favourably effected when the rate 
of flow is moderate ; and, as a farther general remark, we may observe, that if the 
water be intended to be used as a motive power, there exists an additional reason for 
rendering the fi^ll as slight as possible between separate portions of the course, and for 
overcoming the difference between the extreme points by means of mill-dams. There 
is, however, a limit in this direction, beyond which it becomes dangerous to diminish 
the rate of inclination ; for should the river from which the supply is derived bring 
down much matter in suspension, a canal with a feeble inclination would be exposed 
to beoome silted up very rapidly. All these conditions again may be modified 
by the nature of the strata traversed ; for if they should be of a description to 
retard the fiow of the water, they may frequently require that the inclination 
be augmented. 

In most countries certain rules prevail in these matters, which appear to be 
founded upon local experience without much reference to logical principles. 
Yitruvins recommends that in water-courses an inclination of about 55 in 10,000 be 
g^ven. Scamozzi and Alberti indicate one-half the above as being the best ; whilst 
in the sixteenth and seventeenth centuries the hydraulic engineers of Lombardy 
adopted inclinations varying from ^ to ^ : at the present day the inclinations 
given in that country are even less than those last cited, for the waters are usually 
snflSciently dear to obviate any danger upon the score of the silting up of the chan- 
nels. In mountainous countries, again, we find that the inclinations are greater than 
in plains, because in such cases there is less occasion to economise the water. 

The following are the inclinations of some of the principal canals, either for irrigation, 
or for navigation combined with irrigation, in France and Italy : 

In the upper valleys of the Alps, Switzerland, Savoy, Tyrol, the 

Dauphin^, and in the valleys of the Pyrenees • • • • • ijo 

Average inclination in the Is^re, Drome, &c • vir 

Oanal des Alpines (ancient southern branch) • b^ 

Do. do. (modem northern branch) ^3^^ 

Do. de Marseille, modem, varying from . . ^^ to ^^ and j^, 

Canale di CSalnso, in the province of Ivr^, in Piedmont . . • &ls 

Do. oftheSessia, left bank y,\o 

Do. of the Ticino, right bank ^^ 

Modem canals executed by individuals j^ 

Canahfor Irrigation and Navigation, 

Naviglio Grande, Milan No. 1. ,}, 

Do. do. do No. 2. j^ 

Do. do. do No. 3. j^ 

Canale di Berguado ^, 

Do. diPavia ^ 

Do. della Martesana ^ 

Do. della Muzza ^ 

Private Canals recently executed, from ^ to ^ 

It appears from this, that in mountainous countries, hardly any limit can be said 
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to exist for the inclinaUon of the irrigation ehannelfl ; bnt when it exeeedi ^ the 
fitU mntt be regulated by a series of cascades or dams, for there are Tery few soils able 
to resLst the denuding action of currents running with the Telocity of such streams. 
The inclination which appears to be the most adapted to the waters of La Prorence^ 
containing much matter in suspension, ranges between ^gJug and jj^ In Italy, 
on the other hand, where the waters are comparatively dear, the inclination giTcn to 
the modem works of this nature is considerably less than that formerly judged to be 
indispensable. 

We may assume in practice, that in mountainous districts the inclination should 
be about ^ ; that in plains, the channels exclusiyely deroted to the purposes of 
irrigation should be from y^ to g^, whilst if they be designed for navigation, as 
well as for irrigation, the limits must range from about ^ to g^. In the latter 
description of canals, the determining reason for the rate of inclination will often be 
found in the direction of the traffic If it be in the direction of the stream, there 
may be no objection to adopting even so great an inclination as ^^ whilst if it be 
upwards or against the stream, the rate of fitll must never exceed from g^ to ^^jj^ 
at the utmost. Bven the more favourable of these is, however, of a nature to cause 
an obstruction to the navigation. 

The subsidiary channels and feeders may have rates of inclination greater than 
those cited above, because, their object being to distribute the water over the ground, 
it is necessary that they be arranged so as to allow of its flowing off as rapidly as 
would be consistent with the condition of not furrowing the subsoil. In the opera- 
tion of ' warping,' however, the leading channels must be made with a very rapid 
inclination. In this case it is desirable to lead the waters containing matter in suspen- 
sion upon low-lands, so that the deposit may take place upon them. 

Section of Feeder, — From the considerations alluded to in the former part of this 
article, it must be evident that the dimensions of the feeders must be regulated by an 
infinite variety of circumstances, either arising from the general indination of the 
gTOtmd, or from the nature of the soil to be irrigated. Stated in general terms, how- 
ever, the problem to be solved may be thus expressed— ''Given the quantity of 
water to be supplied, and the rate of indination, to determine the section.** 

The French and Italian Engineers have invariably adopted Eytelwein's formula, to 
ascertain this section, which is as follows : 

D cos. ^=0-00717 2^+ 0-000024 ia; 

D representing the product of the section of the water-course by the wet contour ; 

COS. ^, the cosine of the angle formed by the inclination of the bed from the 
vertical ; 

g, the accelerating force of gravity ; 

ti, the mean velocity. 

This formula will suffice for almost all the cases which can arise in practice ; for 
although in it the width only is sooght, yet as in most cases the height is given, the 
width is in fact the only unknown element. We may in some cases substitute the 

expression D=^^^j-j-jj, in which A=the height,* and x^ the width sought; and 

Q 

« = r-, in which Q=the volume to be discharged. 



* It is to be obsmrred, that in all canala intended for the double purpose of irrigatiun and 
navigation, the depth is necessarily fixed by the dimensions of the boats employed. 
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The fonniiU beoomei after theee sabiiitaiioiii, and, m in the preoeding caie, tup- 
peeing the morement to be nniferm, 

aas 0*0071 7, and 6 ==0*000024 : these are introduced to avoid oonfasion in writing 
the equation. 

A mueh more conyenient formula iii howerer, given by Tadini, and adopted by 
Nadault de Buffon. It ie, 

00004 Q«=coe. ^ P A'; or Q=50 Z A V ^ cos- ^* 

In this, the inclination is represented, as before, by oos. ^ ; 2 s the mean width of 
the channel ; A=the height ; and Q^ the quantity to be dlKharged per second. 

In arranging the dimensions of the feeder, however, it must not be forgotten, that 
there are numerous causes in operation by which the effective quantity of water distri- 
buted over the land is diminished : amongst the principal may be cited the loss arising 
from evaporation and filtration, and that arising from the defective state of the 
■luioes or other works. In the Milanese, where the canals are formed in an illuvial 
weHf resting upon beds of sand and gravel, and where, from the warmth of the climate, 
the evaporation must be great, the loss from these caases has been ascertained to be 
about 15 per cent. (See article ' River and Inland Navigation.*) 

In warm climates an additional allowance is required to be made to compensate 
for the extraordinary rapidity with which the aquatic plants increase. Indeed, in 
Italy, notwithstanding the legal obligation to cut them twice in the season, it is often 
found that in the latter parts of the summer, at least half the section of the canal is 
ooeupied by them. The peculiar growth of the fresh-water algn in long festoons also 
appean to inflaence the flow of the water to a greater extent than the space occupied 
would account for. In Lombardy the augmentation of the section required to obviate 
this inoonvenience is sometimes as much as from y[) to ^ of the normal section ; but, of 
eonm, no absolate rule can be assigned. 

In England it is rarely necessary to measure the quantity of water distributed to 
the different landowners, but in warmer climates this becomes a matter of vital 
importance in the economical results of irrigation. We shall have occasion to revert to 
this question of gauges, but in the mean time it may suffice to observe that their esta- 
blishment requires that the minJTnnm height of the channel be fixed at three feet. In 
pnetice, the Italian engineers make the mean widths of the canals one and a half 
times the depth, unless there be some exceptional conditions in the particular case. 

The land springs met with in forming the different ehannels may very frequentiy 
beeome of great importance, and they should therefore be diverted to the purpoaes 
of irrigation on all occasions upon which they may be found to be of a temperature 
and of a eompoeition suitable for the purpose. 

The rules above given for the calculation of the dimensions of the feeders are only 
applicable for those portions of the length within which no distribution takes place : 
as the smaller distributing channels draw off the water, it must be evident that the 
dimensions of the main channel should decrease. 

When the main channel is designed for the purposes of navigation conjointly with 
irrigation, the section must be modified so as to insure the volume of water necessary 
for the two services : in such cases it is indispensable to provide a sufficient quantity 
to compensate for the lockage, in addition to that distributed upon the land, and this 
quantity will be ascertained in the manner employed in similar calculations for canals. 
The Naviglio Qrande, and the Martesana, in the Milanese, present a peculiar arrange- 
ment^ which, however, may often recur, vii. the canals terminate in a basin whieh 
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roceivea tbe loekAge water of the upper readhet, and the diatribation far ixrigatioii 
and for mills takes place from the basin. Byidently, in these cases, the seetioa of the 
irrigation channel is to be calcnlated upon the principles already described. 

The discharging channels perform a part in the irrigation of a district preciselj the 
reverse to that of the feeders, and their sections most therefore be also precisely in a 
different proportion. 

Other Conditions. — In setting oat the main channels, it is important to make the 
radius of carratare of the changes of direction as large as possible, to aToid any 
interference with the discharge, or any destmctiye action npon the banks. It should 
nerer be less than from 100 to 150 yards in the most nnfayonrable positions. 

The height of the banks abore the water-line need not necessarily be more than 
from six to eight inches when the supply is constant. The rapid growth of aquatic 
plants, however, renders it advisable to augment this dimension to about from 16 to 
18 inches. When the canal is also to be navigated, it is advisable to increase this 
height, in order to guard against the wave of displacement occasioned by the boat 

In fixing the slope of the banks, the twofold object of economy in the first iti«»i^t|fff^ 
and of the minimum outlay fur maintenance in the second, is to be observed. When 
the channel is cut in a hard retentive rock, it must be evident that the proper sectioB 
is one spproaching a rectangle. In any other kind of soil the angle of itM*lin^t«fm of 
the banks must vary with the degree of its powers of resistance. 

The reader is referred to the article upon * River and Inland Navigation * for the 
other details respecting the earth- works connected with canals, which i^ply eqnaOy 
to those for the purpose of irrigation as for navigation. 

It is advisable to form a pathway on the two sides of the main channel, to allow of 
its being visited, and of the deposition of the mud, &c withdrawn from the bed at the 
regular periods of cleansing. These pathways should be made with a width of from 
2 to 3 feet. The operation of cleansing, to which we have alluded, is not one of great 
importance in Bngland, — at least comparatively; but in Southern Europe it requires 
to be executed at least twice a year, and during the whole period of its execution it 
has been found advisable to run off all the water from the channels. It therefore 
becomes necessary, in similar positions, to construct such lock-gates or sluices as to 
allow of diverting the stream. 

Jieservoirt.—Yf hen. the flood-waters stored in reservoirs are to be employed for 
irrigation, the determination of the dimension of the sluices and the form of the 
channel, require considerable care. The discharge by any opening is liable to so modi 
uncertainty, even when the conditions of the head remain constant, that very little 
reliance can be placed upon the accuracy of the formula universally adopted to aseer* 
tain it. As the level of the water in a reservoir must necessarily vary, an additional 
and very serious complication is introduced. Without, therefore, pretending to lay 
down any absolute rule, it appears that the wisest course to adopt would be to calcu- 
late the dimensions of the opening, upon the supposition of the least possible head, 
because by merely lowering the sluice the opening can be contracted. In many 
cases the self-acting sluices used upon the Greenock Water-works might be advan- 
tageously employed. 

In calculating the quantity discharged by an orifice, the usual formula is given by 
Navier as follows : — 



Q=w8V2i^H; 

in which S = the area of orifice ; Q = the quantity ; ai » the coefficient of contne- 
tion ; 9 = the velocity impressed upon a falling body at the end of the fint seeond of 
ilifoU; Hss the height of head upon the centre of the openbg. The value offli, 
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for % liiigle dnioe, may be taken afe 0*625 if near the bottom ; when there are two 
alaioes near one another, m becomee == 0*555. The ditturbing effect of two alaices 
is peroeptible when thej are even so mnch as 10 feet apart. 

Shoold the water in the resenroir arrive with any Telocity at the opening^ the 
forainla beoomes 



in which u » the Telocity of the water leaving the reservoir. 
If the outer opening of the sluice be sabmergtd, it becomes 



Q«mS V25r(H- A); 

in which h =s the head upon the ontBi'de, sapposiDg the water to have no initial 
velocity : of course, should this ezirt, it must be taken into account as before. 

The construction of the reservoira themselves has been already alluded to, and 
indeed it is in all cases precisely analogous t-D that of canal reservoirs described in the 
article upon ' River and Inland Navigation.* 

In addition to the formula previously given for the 'purpose of ascertaining the 
dimensions of the works, the following may be found convenient in practice. For 
regular channels, in which the inclination, sectional area, and wet contour can be 
easily ascertained, the volume may be found by the aid of the formula. 

Q = S ( \/273022!L!L5 - 00332) 

in which the same notation is observed as before, and e = the wet contour in yards. 
In small streams, the most accurate mode of gauging appears to be by creating a 
reach of still water, and allowing it to flow over a notch-board as soon as the velocity 
has been checked. The formula for calculating the quantity becomes 



!o which L » the length of the notch ; H » the height of the mean level of the 
reeenrdr above the bottom of the notch ; m is a coeflBcient which is usually taken at 
0-405. 

To ascertain the velocity of a stream many systems have been employed, but the 
most satiafitctory appears to be the hydrometric mill of Wattmann, represented in 
most works on hydraulics. The mean velocity is calculated from the partial velocities, 
thus obtained by the formula given in page 259, article ' River Navigation.* 

Oangei. — In England, the supply of water, as said before, is usually so copious in 
all the valleys where irrigation is carried into effect, that the quantity distributed to 
any proportion of the land ceases to be worthy of calculation. In warmer climates, 
or when the preliminary expense of procuring the water has been considerable, the 
eeonomieal value becomes, however, so much enhanced that it is a matter of primary 
importance to ascertain the quantity distributed to the respective recipients. There 
are, indeed, ftw countries so favourably situated as to dispense with these means 
of regulating the distribution ; and it may be taken as an axiom, that in dry climates 
no distribution of irrigation waters should take place without the intervention of a 
complete system of gauging. The question has been meet carefully studied by the 
Bngineeis of Northern Itaiy ; some of the gauges employed by them are described 
below, and by Colonel Baird Smith in his work on ' Italian Irrigation.* 

The investigations of the Italian Engineers connected with the sulject of gauges 
have led to the establishment of some laws of hydrodynamics of the highest interest. 
Thus, it was ascertained that in a vase divided into two portions by a diaphragm, 
niBoepiible of being moved vertically and with a discharging orifice on one side, a 

YOL. III. 8 A 
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ooustant difference of level existed ; and that thii diflferenee was greater in proportioii 
as the opening of the diaphragm was less, compared to that of the orifice (see fig. 9). 

If, instead of preserving in the vase a uniform level, it were allowed to vary in either 
direction, the corresponding variations of the two sides of the diaphragm eontinned 
to be always proportional with the respective differences of level first established. 
That is to say, if the relative heights were originally as 3 to 1, a rise of 30 inches in 
the first vase would only cause a rise of 10 inches in the second. 

This principle is not modified by the introduction of two or more diaphiagma, as 
in fig. 10. The same ratio is observed between the variations of level and the primi- 
tive heights of the water in the first and last compartment, notwithstanding the 
addition of any number of diaphragms, which, in fact, should only count for one. 

Fig. 9. Pig. 10. 
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Now, if we suppose that the first portion of the reservoir be a canal and the 
diaphragm a sluice, and the distributing channel perform the funcUonB of the orifice, 
it may easily be i)eroeived that it is possible, by means of this sluice, to m^Swt^n ihe 

Fig. 11. 




constant head above the orifice which is necessary to insure the regularity of the 
flow. By simply raising or depressing it the requisite conditions are obtained, and 
it would be possible so to construct the sluice that it should be self- regulating. At 
any rate, inasmuch as it is found that the level of the upper reservoir may vary con- 
siderably without seriously affecting that of the intermediate one, for moet praetieal 
purposes, a gauge established upon the above principles, with a sluice moved by hand, 
may be considered as sufficiently accurate. 

The gauge used in the Milanese canals is the most in accordance with the principlee 
above sUted, and as it were much to be desired that its use should be extended in all 
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cases where irrigation is employed, 
a description of it is subjoined. 

The unity adopted in the mea- 
surement of water is called an 
ounce, ^Vfmda d'acqwi^* and is 
the quantity which flows through 
a rectangular orifice 8 inches high 
and 6 inches wide, under a con- 
stant pressure of 4 inches above 
the orifice, as in fig. 12. 



When t is desired to distribute a larger quantity than a single ounce, the widHi 
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only is modified : all the other conditions are earefally maintained, bo that the head 
nerer ezeeedf 4 inohee. The orifices of discharge are formed of stone, which is 
adeeled of the hardest nature that can he procured : occasionally also the margin is 
fimned of wrought or cast iron. They are cut square, without any hevel, or the 
addition of any funnel capable of facilitating the discharge. There are no prescrip- 
tions with respect to the thickness, which depends necessarily upon the length of the 
orifice ; and this latter consideration also has led to the custom of not making the 
oirifioea laxger than for six ounces each ; when a greater quantity of water is to be 
sopplied, the number of the orifices alone is augmented. 



Pig. 13. 



Orifice for 12 oiracen. 



Orifice for 27 ounces. 
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The conductor is formed upon the banks of the canal by means of wing- walls of 
masonry, and the sill is usually placed at the bottom line. If the ground be suscep- 
tible of being carried away, the portion exposed to the wash of the water is to be 
paTod. The opening a &, fig. 15, of the conductor is made equal in width to the 
oiifioe of dischaige, p 9, but the height is not limited. 

Fig. 14. 




Fig. 15. 




In such canals as have a constant flow, it is usual to place a stop upon the sluice, 
but in those exposed to yariations of Yolume the stop would be more likely to be 
prcjudieial than to be of use. 

The rectangular space e c, dd^ fig. 15, is made about 20 feet in length, and 10 inches 

on each side wider than the orifice. The bottom is laid with an incline of 16 inches 

in the length, rising towards the orifice, gK At the leyel c<2 (in fig. 14) is a 

flooring, placed for the double purpose of preventing the water from rising beyond 

the prescribed height and to control any movement or agitation on its surface. The 

entry of t^l»ia covered portion of the gauge is formed by a stone lintel, the under-side 

of whioh is ezaotly level with the top of the orifice, and consequently 4 inches below 

the snrfiMse of the water. As the height of the orifice is always 8 inches, and the 

inclined plane 16 inches, the under-side of this lintel is consequently 2 feet above the 

nil of the sluioe. A small space is left between the sluice and the covered chamber, 

for the purpose of verifying whether the requisite head of water exists upon the 

orifice. 

3a2 
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tmniaJIaUlT bcjoivl the oriGc* u tlia UU (liuabtr, wUeh ii nad« 4 iaAm m 
«uh tide wider tliui tha opening ; ita laoftli ii nnwllf IS Art, aad kt tha hrtka 
•tlrtmitT iU width ii nude S iocbea on aach liilt wider thu at the e wnim a c amant ; 
or, Id all, it !a SO iocbea wider thui the orifice. A dnmtl drip of 2 ioGbea ia Bviaad 
at tht oommaiiceniaDt of tha tail haj, aad an inclinktiOQ of 2 iaAea ia piea ftaa 
thia to tha axtnmiljr, tu or jbm, flga. U tni IS, 

Oaniea at thii deacription reqnin k miDiiDiim diffntmoe of 8 inchca betwwa tta 
lerel of the witer In tha e&nal kod the oonitaot lerel of tha water in the sonnd 
ehaniber. Thej can, therefore, on[]r ba fixed npon cuiala with % depth of abont 
S feat. Id OKOcntion, the longitudinal dimenaiona an not rigorooalj enfbned ; bat 
tha width, nod oearl j alwajn the iaclinationa and tbe lalatlve heighta of the openiogi, 
Are eieeutad in oxaot acoord&noe with tboae abora deaeribed. 

The lAOfe we &re eonaiderini, although aaqneBtionablf the matt perfeot hitberto 
•niplajed, la atlll hi from fniailing all the eonditioni theonitiallj reqaired. Thna, 
a nuuhto diSenuoe exiata in the quaatity of water diaoharged by large or aniall 
arifl<^ to tlie extent that with six orificea of one aanoe neh tha diacharge woolJ 
only he, when eompared to that from a lingle orifice oTiii ooncea, as 2i2 to 282. In 
warm eountriai the difitrenoa woald be aeriaua ; and the PiedmontcM and Mill ml 
englneera hare Utelj tried to obriato it bj prsMribing fbai em orifioa be made lai^ar 
than tlx ouaeea, or 3 feet la width. ThedifferanoeiDtbedieebargaie euily eiplaiaed 
b; tha dlfferrnoa in tha proportion the perimeter bean to the aectional area, whieh 
•vldontl} la leai when tha orifiee ii large than when it ia amaU. 

Mxtpn and (>r<r^oiN.— The oonditiona to he obeerred in the coDatmotion of theae 
worki are, that they ihonld afford an offeotoal gearaatea agaioat floods or any 
auildea riae of the water In the ohannel. Thej (bmild be at permanently eonitrootad 
aa (UNtble, and able to b« worked eaally. 

In noal oonntrie* tha dimenaiona of the bottom ilnioea an arbitoar;, and they 
nry fMm S to T het In width in many inatanoaa. The; an worked dUwr by wheel 
and pinion, by aonwa, or by Img lerara woAlng in hole) fbraed oa the apright bar 
In the eentre of the eluioe. In the Milanaae proTineei^ howarer, the dimendoDa we 
llulfom, nod when the heigbt of water doea not eioeed from S to S feet, the width 
U nerer mora thaa 1 fiwt 10) inches. Bhonld tha depth be greater, the npper 
l-orllua, Ibi a helfht of thin 1 foot to 1 foot t iodiea, i« made aepantelj moTeabk by 
ng. It. 




u oT lw« uaati poela \» the b^k. In tkk CM* tk arfM- pvt ef the rf^ 

1 as a> ertrfow, a»l >an«a a Uy MSeea ta autaia tte wai«r vilha te 
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kaulu ; bat in oooniries like the neighbourhood of Milan, the use of water is lo 
coAiinnal, that it rarely happens that this mere superficial oyerflow can suffice. 



^ 



Pig. 17. 
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Fig. 18. — Details of tho largo, small, and tumbling sluices worked by hand. 
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The sluices used in the Milanese proYinces have an upright rod upon which 
notches are formed ; and the guardian of the canal, or the water-bailiff, carries a short 
lever by means of which he raises up the sluice. Two or three seconds suffice to 
procure an opening which, with the head of water existing upon the upper side, 
produces a very rapid effect upon the water. (See fig. 20.) 

With respect to the fixed oyerflows little need be said, because they differ in no 
respect from those established upon canals or the leading channels of a mill. It is, 
howerer, of the utmost importsnce that such works should be established if the 
Bouxct from which the feeder derive its supply be exposed to sudden Tariations in its 
Tcdumc 
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Jwteiicmt ynth the main ttream, — Unless there exUt some veiy exceptional eir- 
eamstanoes owing to the torrential nature of the stream, and particularly to the 
instability of the bed, the system usually preferred is to establish a dam across the 
eorrent of considerable length, and placed in an oblique direction. It appears 
adTisable, under any circumstances, to provide overflows of sufficient dimensions to 
carry off any flood likely to come down from the up-lands, in order to protect the 
channel formed for the purposes of irrigation. In the junctions constructed of late 
years it is also customary to place lock-gates or sluices, with the double object of 
regulating the quantity of water to be introduced, and of isolating the canal from 
the river during the annual repairs or operations for cleansing tbe bed. 

The nature of the dam must depend upon local circumstances to snch an extent 
that it is impossible to lay down any absolute or invariable rules. In these matters 
local experience will be the best guide ; but whether the dam be composed of stone, 
of earth, of wood frame- work, or of fascines, the foundations, and the means of 
protecting them from the tendency to overthrow exerted by the stream, must be the 
most important objects to be considered. The oblique direction of the dams is to be 
accounted for by the necessity for obviating the destructive action of the current as 
economically as possible : for firstly, the shock of the water upon them must be to a 
great extent lessened ; and, moreover, as the stream of water flowing over the crown 
must be less than if the whole rolume fell over a dam placed directly across the 
stream, not only in its height but in its action, the foundations are less exposed to be 
undermined. If these motives did not exist there would be an evident advantsge in 
making the dam perpendicular to the direction of the stream. 

Bridget^ Aqueducts and Syphans. — These works do not present any distinctive 
characteristics frt)m those connected with navigable canals, excepting, perhaps, that 
in order to retain all the velocity of the water, the courses require to be made as 
straight as possible : the aqueducts therefore are more often executed on the skew 
than in canals. It may be taken as a rule, that bridges upon irrigation works should 
be executed in masonry rather than in wood, to avoid the repairs inseparable from 
the latter, especially in such positions. 

With respect to syphons, the principal remark to be made is, that every angle or 
sudden interruption in the line of flow is likely to become a source of diminished 
velocity. Whererer possible, then, cast-iron pipes should be used, because they 
admit of the curves being made more easy, and at the same time this material resists 
more effectually the outward thrust of the water. To combat the latter effort it is 
often necessary to bind together the whole of the materials in the arch or syphon* 
All these works require to be executed with the best materials and in the most 
permanent manner. 

£iOch» — The locks constructed upon canals for the double purpose of navigation 
and of irrigation, present, as we before said, this peculiarity, that they require, in 
the first place, a chamber of the dimensions necessary for the passage of the boats ; 
and in the second, a passage for the purpose of transmitting from the upper to the 
lower chamber the volume of water only. The former do not require any details of 
exeeniton different from locks upon ordinary canals ; the latter ai'e usually regulated 
1^ means of sluices. 

GeneraUy speaking, the fall in these positions is sufficient to justify the establish* 
ment of water-mills, either for the purpose of raising the water to a higher level, so 
as to irrigate a wider district, or of performing many of the common farming operations, 
such as threshing, winnowing, &c. In all cases, therefore, where the full benefit of 
the water power is obtained, such works are established. An example from the 
ctaal of Psfia Is sul]joined, although in this case the fall is not used. By the 
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diSeMDM in the 1«ts1 or tha water in (ha tvo diamban, vii bj mouu of nn« 
sonJaiU pUoed in the aide inlli, the botta ore enabled to itmMod mj qoicklj. 

The prinoipal preoaation lo be obaarred in the eoBetroolion of theae aomlaili i^ 
that their faaadatiani be made enffidenllj etrong to be able to reut the corrent of 
water paning throngh tbem : tlieir direction, whether U right anglei or obliqoslj, 
to the atream, ia a matter of no importaooe, oaJtM the water tbej diacbarge be likelj 
to interfere with the tail waten of the mill which ma; be erected near the Icdc. 
Gatea hong apan a rertioal aiia, a little bejond the ceetie^ mad workiog in a frame 
with a rebate partlj' opoD the apper, jiartlj upon the lover side, appest to be the 
readiest means of cluaiug Ihue ilnicea. 

Fig.!!. 




lo Lombard;, water li often obbuned from wella for the porpoae* of Irrigatiea. 
The re&der ia referred to the different anthon who LaTO treated upon this nibjeel Ibr 
the prindplea which most guide tlie operations for seeking the springs. Wbsn thaas 
are found at a conveiiient level, their dirtribnlion mnst take place in the same 
manner aa before. 

Shonld the level of the water in each wells, or in an; natural sooroe from whioh 
it is proposed to be derived, be eoiuiderabl; below that of the land to be irrigated, it 
becomes nceesaarf to emplo; artiScial means ot raising it, or (o create some method 
of securing the sapplj b; means of reserroirs. Uoqueationabij the latter mode 
would be the most ecoaomiciJ, did local circnmrtancei faionr their coutmotion, httt 
the cDafigDiB^on of oonntry required is not alwajri to be met with, eapedallj ia 
portions where the aoU is most adapted for irrigatian. To conatmet a reaemir 
ecoDomicatly it is necesiarj that a, valle; should eiiit, the mouth of which is nearl; 
eloeed b; projectiug spun of the hills. The subsoil must also be of a homogeneous, 
relenbire character, and of a nature to allow the eonstroetioD of the works connected 
with the dams, without any fear of their beiug uDdenniunl. These conditions an 
rarelj to be met with, exccptjng in mountainous districte, and these are ordinaril; at 
too great distances from the allurtal plains moat fitted for the enltiration of gna, or 
leguminoDB pLints, which are thaat most likelj to be benefited by the application of 
water. If, hawcTer, it be possible to form a reservoir, even at consideTable eipense, 
that eoune sbauld be adopted ; becanae, firstly, that mode of procuring water obviates 
the neoeiait; for constantly providing a motive power, and aecondly, the water 
by lidug stored becomes more fitted for agrioultural pnipoae*. Indeed, aa the 
auppUes are derived entirety from rain blUng upon the up-Unds, the tempantnre rf 
f" w»i« most more nearly approach that of the ground, and they must also oontlla 
the Mlnble ehtniaal matters the latter may be able to impart. The dangen bim 
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infiltntioii and eraporation attending the nee ot reeerToin haTe been already 
menttoned m ibe article on Inland Nayigation, seet. "canals.'* 

The formation of an irrigation canal, deriving ita supplies from a rirer at a high 
point in its course^ affords the means of applying the process upon the largest and 
most efficient scale, and mnst necessarily be the method most commonly adopted. 
For the upper lands, situated above the flow of the stream, the choice of the mode of 
raising the water must be regulated by local circumstances, not only of position, but 
of use. Thus^ if the lands to be irrigated be devoted to market-gardening, animal 
power may be employed, and the simplest machines are to be preferred, because the 
cheapness of their first establishment, and the facility with which they can be 
repaired, place them within the reach of everybody. 

For agrioultuzal operations on a large scale, however, it often becomes necessary to 
resort to more powerful means of action, and the modes which are usually adopted 
are to employ the moUve power either of vrater, of wind, or of steam. 

If a snffieient fidl, possessing the requisite conditions of regularity, exists it will 
usually be found preferable to employ it, because the power would thus be obtained 
at a fsr less cost than if steam be used, and it would also be more regular in its effect 
than that produced by a wind-mill. As to the particular system of wheel to be 
employed, that must depend upon so many considerations, that it would be useless to 
attempt to lay down any general rule. The simplest are the best> for in the country 
the class of workmen able to repair the more complicated ones are rare, and it is 
certainly desirable that no machines should be used upon a &rm but such as the 
village sndth or carpenter could repair. 

If the water-fall be small, the quantity raised must be also limited, and it may per- 
haps, under such circumstances, be necessary to combine a system of reservoirs with 
the other machineiy, in order to store the water raised during the intervals of its being 
employed upon the land. If the UM be great, there must necessarily exist a consider- 
able inclination of the bed of the river, and it would usually be preferable to make a 
branch canal at a higher level. Such powerful water-falls are rarely neglected, how- 
ever, bj manufacturers, and as they are more yalnable for such purposes than for 
irrigation, it is by no means desirable that they should be used for the latter. It 
appears probable that hanging wheels upon boats fixed in the stream, or turbines, 
might occasionally be used with advantage. 

Wind affords a source of power such as we may call gratuitous, but unfortunately 
it cannot be controlled, so that if it be applied for raising water for irrigation, there 
might be an abundant supply when not wanted, and none when there was the greatest 
neoeanty for it. If this motive power be resorted to, it becomes indispensable to con- 
struct large reservoirs ; but the expense of establishing and maintaining these, and of 

eeping the engine and machinery in repair, would exceed that of establishing and 
maintaining a system of reservoirs for storing rain water. In drainage operations 
these remarks do not apply, because the precise period at which the water is removed 
is but of little importance, and the action of the wind possesses sufficient regularity 

r this purpose, if the whole year be considered. 

Steam engines are far too expensive to allow of their being employed, unless in 
such neighbourhoods as furnish the skilled labour their repairs must require, and 
unless the district to be irrigated be of sufficient impoi-tanoe to warrant the constant 
employment of a staff of workmen able to keep the machinery in an efficient state. 
The price of coals must also materially affect the question as to the application of this 
mode of raising water. The construction of reservoirs appears to be advisable in this 
case as in others, and to give rise to considerable economy, by rendering the work 
move OQOstant^ and thus enabling smaller engines to perform it. 
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When the sonree of power shall hare been decided upon, there still remains the 
equally important question of the descriptioii of machinery to be employed in actually 
lifting the water. 

SECTION II. — MACHINES FOR RAISING WATER. 

!rhe machines employed for the purpose of rainng water for irrigation hare hitherto 
been entirely confined to the following : 

1. Pnmps ; 2. Archimedean Screw ; 3. Machines with buckets, such as the noria, 
chain-pumps, &c ; 4. Wheels, either with buckets, or water-ways upon the frame 
itself; 5. Miscellaneous Machines. 

1. Pumps. 

When the quantity of water to be raised, and the eleration to which it is desired to 
raise it, are oonsiderable, pumps are the machines at present considered to be the most 
economical. 

A pump consists of a hollow cylinder, in which the inston moves altematdy up and 
down, in two pipes, one aboye the piston, called the ascending pipe^ and the other 
below, called the suetbn-pipe ; and lastly, in a series of clacks. 

The ^linder is hollow and droular in the greater number of instances, ahhongh 
quadrangular and polygonal pumps are occasionaUy used. It may be of wood or of 
metal ; but the former material wears away too rapidly for works destined to be used 
for any length of time. It is, therefore, almost exclusively confined to agrienltoral 
purposes ; cast iron, or brass, are more generally employed ; but of whatever material 
the cylinder be made, it is essential that it should be perfectly true in its bore. 

The power of a pump depends upon the interior diameter of the cylinder. It is 
considered small if this diameter be less than 4 to 5 in^es ; large when it exeeeds 
1 foot ; the largest rarely exceeds 1 foot 4 inches, although occasionally the diameter 
is made 2 feet. 

The length of the cylinder should but little exceed that of the stroke of the piston. 
The piston itself is the most important part of the machinery of a pump^ and the 
one which has received the greatest number of modifications. If the piston raise the 
water during its ascent or descent only, the action is said to be tingle ; if^ on the con- 
trary, it raise the water by both motions, the action is said to be doMe. When the 
piston works entirely above the level of the water in the well, the pump is called a 
tMClum-pump ; a mtn^-pump is one by which water is lifted during the up-stroke of 
the piston ; a/orctn^-pump is one by which it is lifted during the down-stroke. A 
dmMt-aetioig pump is, therefore, both a rising and a forcing pump. 

The piston is very frequently nothing more than a piece of wood, usually of horn- 
beam, which it is advisable to soak for some time in boiling oil ; but for pnmps of any 
importance it should bo either of iron or of brass. The packing is stmietimes of 
leather soaked in oil or tallow, and is fiutened to the top of the wood in ordinaiy 
pumps ; the diameter of this packing is rather greater than that of the piston itasl^ 
so that it forms a species of cup upon the top with a flexible contour, which is p reased 
against the sides of the cylinder by the weight of the water. 

At other times the packing oonsLsts of two fillets of leather, kept in their positions 
at the top and bottom of the piston by two brass rings ; the space b etween theae fiOsIs 
is packed with hempen oord, well tallowed, which projects a little, and wcriu afaiMt 
the inner bore of the cylindw. 

Oast-iron pistons are often need, with an exterior packing of honp or of leather. 
A prqieetaon ai the bottom and a ring at the top^ soseeptable of being moved by a 
wrew, pfeas thia pa^og against the inner bore. But the difficulty of tuning the 
oylindn pedseftly tnl^ and the impwfeetkws of the pistons de«:ribed, havo tx9* 
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qiwDttjlad to Ike kdopUoD «( tiui plaager-pamp. Thii ooniiita of a puton of bnn, 
■did or boUov, id ft kngth « little in ei««M of iU ttioke, and of a diameter abost 
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Kg. 4. ng, S. Fig. 6. 

1 or ] of an iacb len than that of the c jlinder, bIbo of braaa. The piston woAm in a 
itnSng-boi, and ia deieetidiDg it diiplaces a eerlaia quantitf 
cf vater, which is forced bj this means into ths ascending 
pipe, and when the pston rises it forms a Tacaom. 

A nngte-acfoig pnmp requires two elaeks—one ii placed upon 
tiie snelinn-iape, the othei npon the rising-[ape. Sometimee one 
of these clacks is placed npon the piston itself^ whicli, in this | 
esse, is pierced tor an orifloe snited t« the passage of the ' 
water. A double-acting pump hoe four fixed clocks, bat none 
npon the pston. In order to fidlttats the eiamlnstioii and ' 
tepur of these clacks, the [dpe> are enlarged near their seate. 

Qacka, or ralrei^ an of two soile — sfundie Talves, and com- 
mon tbItcs with hinges. Tbe first an Bometimefl nothing more 
than tnincated cones of small hnght, which enter and fit 
doaelf into the aptrtnte thej are intended to shnt ; tbej are 
tranrsed bj a spindle to which the; are lulened, and which 
Hmw to guide them in their motions. The common valtea 
are nsoallj nothing more than circles of greaaed leather attached 
to (he spertuTS thej are intended to close by a band of leather 
fcniuiig the hinge. Preqnentl; a sheet of lead is fastened to 
the top of the leather to keep it flat, and to pre it soffident 
w^^t. When greater perfection is required, the leather is 
plaotd between two discs of metal ; the one above the opening 
bdog rather larger than the aperture, the one below unaller. 
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In large pomps the Talrei are of hnm, eometimet | an ineh thick, working upon 
hinges ; but it is not advisable to use sneh Talfes when the waters to be xaiaed oontaia 
any solid matters, for a Tery little sand would serioosly interfere with their aetioB. 

Figs. 8 and 9.— Common Valves. 





Whateyer be the material adopted, the exterior snrfaoe of the yalve mnst be made as 
nearly as possible of the same dimension as the opening, because any ezoees of cireum- 
ference increases the resistance. 

The suction and ascension pipes need not be turned. Their diameter Is generaUy 
less than that of the pump-barrel, and is usually made about two-thirds. 



ng. 10.— Spindle Valve. 
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If the piston made a perfect Yaeanm, 
the water would be raised in the saetaom- 
pipe to a height of between 82 and 88 
feet aboye the water leyel in the wdl, or 
to a height sufficient to bolaaoe the 
atmospheric pressure at the point when 
the pump is placed, whateyer may be the 
diameter of the pipes or their inclinatMm. 
But in practice, when the piston is at 
the bottom of its stroke, the prenore of 
the air occupying the space between the 
piston and the suction-yal? e being, with- 
out taking into account the weight of the 
yalve, equal to the atmospheric pressors 
when the piston arrives at the head of its 
stroke, this pressure becomes 

, in which 



H 



9 
Q 



= atmospheric pleasure, 

= volume of air between the piston and valves at bottom of stroke^ 
= volume produced by the piston in one up-stroke, 
Q + 9 = volume occupied by the air when the piston is at the top. 
In order, then, that after a certain number of strokes the pump may draw, it is 
ncoessary that the maximum height of the valve above the water designated by x, and 
leaving out of account the weight of the valve, should be 

9 



« = H-H 



Q + g 



H 



~ oh)' 



Th« water most not only enter the lower part of the pomp, hot it most also tmck 
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tlM higliest pomt of the giroke of the piston. Initead of the theoretical height ahore 
giteiif it it rmrely foTmd that in praetioe it ever exoeede 29 feet, and the mazimoni 
amage ia vsiially from 26 to 28 feet. The height of the suction-pipe itself is rarely 
made more than from 17 to 23 feet. 

For more detailed information upon the principles a£fecUng the constmction and the 
action of pnmps^ the reader is referred to D*Aaba]ason*8 Trait6 d*Hydranliqne^ or to 
the Traets npon Hydraulics, Hydrostaties, and Pneumatics, published by the Society 
for the IHiTasion of Useful Knowledge. 

2. Archimedean Screw. 

This maehine appears to haTO been used in Tcry remote antiquity, nearly in the 
form adopted at the present day. It is of great serrice in raisbg water from positions 
where the difference of level is not considerable. 

If upon the surface of a cylinder a helix of sereral convolutions or wheels be traced, 
and if, in a groove cut according to this curve, small planks of the same height be 
placed side by side in dose contact, their combination will form the thread of a screw 
with a great projection and of a uniform thickness ; and if the whole be then enclosed 
in a solid envelope^ the machine will form an Archimedean screw. 

In common screws, three equidistant threads are placed, forming the channels ; the 
diameter of the thread, which forms necessarily that of the enclosing case, varies from 
18 to 26 inches, the central shaft occupying about |rd of the diameter ; and the 
length of the screw is from 12 to 18 times its diameter. The angle which the thread 
forms with the axis has been frequently modified in practice. The ancient Romans 
made it 45" ; in the South of France, as in Holland, it is made about 54" ; the engineers 
of Paris make it 60* ; and Eytelwein, in some of his experiments, carried it to 78*. 
At the upper end of the axis is a winch or crank, and at the lower is the pivot upon 
which the screw turns. Large screws are made even 6 feet 6 inches diameter. 

If such a machine be set to work upon a body of water, giving to the axis an 
inclination .less than that of the thread upon the axis, — that is to say, giving the 
Litter an inclination of frt)m 80* to 45*,— and if a rotatory movement be oommoni- 
eated in a direction oppoeed to that of the threads, the lower orifices of the channels 
m passing through the water will take up a certain quantity, which will pass from 
spire to spire and flow out at the top. 

Bxperiments made by M. Lamand6 shew that a good screw, of the following dimen- 
sioos, is capable of producing the results indicated below : — 

Iiength of screw 15 feet 2 inches. 

Exterior diameter 1 foot 7| inches. 

Inelination of the screw to the horison . . .85 degrees. 
Number of revolutions in a minute . . . . 40 „ 
Height to which the water was raised . . 10 feet 9 inches. 
Quantity raised per hour • 45 tons. 

The useful effect produced by a man working eight hours per day with such a screw 
would be about 50 tons raised 1 foot high per hour. It is to be observed, that in 
closed screws it is necessary that the water-line in the well should stand a littie abovo 
the centre of the base of the shaft, without completely immersing it. 

Such dosed screws could not be of serrice for raising water from a well in which 
the water«line varied. In Holland and Germany this inconvenience is remedied by 
substituting for the outer cylinder a fixed semicircular channel. By this means also 
the weight of the outer cylinder and of the water does not bear upon the gudgeons nor 
upon the diaft, but it is necessary to work the machine with considerable velodty in 
order to prevent any serious loss of water between the spiral arms and the bottom 
ehaimd. 
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la Holluid tJi« Krewi an worked b; vind-milli, mnd tbcj terTa to dnls tb« 
pcild«n &nd m&nhei : but It mnit be erideat tb>t tbe aung m«Bi eonld be ippliad 
to isiw water for irrigatioa. Tbe Datob nUli hare nenall; rre^e about 40 Art 




long, mMnued from the ftiii of rotatioD, and the; lift the water to a height of about 

IS feet. If the point of diaeliaije should happen to be aboro that hoght, two or 
more teti of wind'Hiilla are leqnired, the lower ouea pnmping the vatei into inter- 
mediate ciiteme, from which it in snbaequeDtly raiaed into the diaohar^g rhanail 
These wind-mills cost on the average aboat 26, OtiO florins, or £2080 each, and Omj 
oan raise SB, 400 tons of water per daj on theaTerag^ bat they onlj work efleetirdj 
SO dajB per umnm. 

The nwtnl eSect of aa Archiinedean screw is stated bj Horin to be O'TS at tta 
power employed, 

A Preneb engineer, U. Pstta, in the year ISIfi propoeed a modification of the 
screw, oonusting in the application of two separate threads on the same axis, cse 
being loBg and narrow, and the other short and wide. This oomhination might ba 
rendered serTiceeble in cases where a fall of water of oonsidenhle Tolnme, bj setting 
in motion the shorter screw, might ruse the water to a higher level, or where a amsU 
stream falling &am a great height might fnmieh enffident power to raise the water to 
some intermediate point ; or again, in otber caaes where a abort fall existed aboia 
the desired point. 

A set of screws worked by steam have been erected to make good the waste of 
water b; lockage upon the canal of the Sambre and the Henaa. Tkey are fHir 
in number, with a total lift of 21 feet 10 inches, and are open, with a diameter of 
C feet i inches. The shaft is of oak, 4 inches lUometer, and the bladee are 1 inch 
thick. The generating line of the inner thread is inclined to the axis at an angle of 
35°, that of tbe onter thread at on angle of 72°, the inclination to the boriion boag 
35°. The play of the screw in the troegh is 2 inches, and the machine mokes from 
40 to 4S tarns in a minate, with a depth of 3 feet 4 inches of water in the welL The 
efleot of these serewa is to raise 1 ton of water 3 feet B inches high per aeoond, (or a 
total ontlaj of steam eof^ne and all mochineiy of about £1700. 

S. MaeKuia mlk BueietM. 
i of bncketa, swapes, Moopa, aorias, chain-pnmp^ and the *aru>M 



daaeriptiens of e] 
la laUng water by buckets, it is found that a in 
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•qoal to kbont tha flfUi put of whkt hi ought to ex«rdM nnder adiuitkgainii dnnun- 
•tanaea. Tbia mode ii th<a«fai« nnlj taiortod tn, nolcn lbs work to be parfoimMl 
TaqDirea to be exaonted Imnediatclj, and it not like!; to ba oC great dniatino. 

When tbe qnuititj to be isiMd U small, and the depth of tha w&ter beloir tha 
podnt of diioharge not more than between IE and 20 feet, sod tha tiperatian ia only 
nqnii«d daring two ot three boart of the dkj, it ia freqnentlj adTantageons to naa 
basket* buteoed to *. h»l»noe-pole. The leTer, or pole, ia anpported upon * poat, and 
sacrin at the oppoule end a ooanterpinw to the load, ao that the greatert effort of tha 
vorkioan ia nqnired to lover the empty hnckct. Id tbii muiner > man aeenatomed 
to the Ubonr can miae ahont 20 tooa in kn honr. The iwape ii a muhine fonnded 
upon thia piindpla, and it hai been in nae in the Boat from tha earlleit period! of 
driliiBtion ; eren at the preaent d&y it i> retuned in Egypt and in India in the aune 




fsra it beu* in the hieroglyphioL I^g. 12 repreaenta a limilu' machine need naar 
Qeiu« and BaTono, and umilar niatio implementa may be KSn in the morket-gardsnt 
Bt>r LmdoiL 

Then the water ia rary deep in a well, and the nis of backeta by hand baoomea 
lupoanble, they an let down to tha wkter bj me&oa of a rope or chain. The moat 
nnbTonnble conditiona for the workman lo employed are wlwn tha bookat ia 
lowered aimply by hand, becanae the whole effort ia upward^ and the weight of the 
lord ia, in tact, lo mnch uaeisea additional weight The best manner of raiaing water 
by ordinary baeketa ii to fiulen the centre of the CDid to the drnm of a windlau, 
learing the two halvea to wind apon it in opposite directions. Karier conaidered 
that a man working the handle of sncb a windlan was able to prodnce a naefnl efiect 
of GSJ tona ivsed 1 foot high in an honr, and to work 8 hours pec day. 

Hand-scoops are rare); used for the purpose of railing water when the depth of (he 
lowor l aa e rroir, beh)w the point of discharge, is more tlian from 2 to 4 feet. 

The Dntch acoop, repreaented by the aceompinying sketch, Ko. 13, ia one of the 
nuwt effectnal, and Belidor even statea, (hat with one of these machines the useful 
efleet of a man's labonr, working 8 honre per day, is equal to 6S tona raised 1 foot 
high per honr. Thia remit seema, howerer, to be too faTonrahle. 

^a nuwhine tepteaented by fig. 14 ia alightly modified from one desonbed by 
Belidor, In order to render it more aoMeptible of remoTal. It may easily be under- 
atood that it la worked by two men, and that when thej lower the trough, whioh 
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mores in an are of a circle^ the Talre openi, and the part near it beoomea filled 
water, — as also that when the movement is changed, the water should flow away ttam 
the centre. 

Such hand-troughs can easily raise water from a depth of from 8 to 4 ftei, hat 
their principal defect consists in this, that a considerable portion of the power 

Fig. 14. 




employed is absorbed in raising the trough (which must be of a considerable weight), 
at the same time with the water. This objection is, to a certain extent, obTisted by 
the troughs being made double, and so disposed as that one side should balance the 
other, — in fact, by disposing the weight of the machine so that the weight of the wator 
alone should be raised. Four men are usually required to work such a machine, and 
it is eyident that it would be easy, by means of cords, pulleys, beam-engines, or other 
contrivances, not only to enable workmen to use them more advantageously, but also 
to admit of the application of other motive power than mere manual labour. Thus 
Mr. William Fairbaim has designed a machine represented by the sketch No. 15, in 
which the trough is worked directly by steam, upon the principle of the Cornish 
engine. The scoop is made of wrought iron, and is 25 feet deep by 80 feet wide^ with 
two partitions across it. The arrangement by which the dip may be altered, without 

p. ^^ any corresponding alteration 

in the length of the stroke of 
the piston, is to be admired; 
but owing to the scoop not 
being made doable and with 
an alternate motion, a portion 
of the power must be lost. It 
is stated that these machines 
are adapted to raise 17 tons of 
water at each stroke, and with 
an engine of 60 horse-power 
that they will do a daty equal 
to 3 lbs. of coal per horse- 
power per hour. If this be 
really their effective duty, there are very few water raising machines which can he 
compared with them, especially in those cases in which the lift shonld not exceed 
from about 12 to 15 feet vertical. 

When water is raised by buckets upon a windlass, it is necessary, that in addition 
to the men placed at the handles, there shonld be another at the bottom of the well 
to place the buckets, so that they should fill rapidly. Sometimes, also, it is necessary 
to have another man at the top to empty the buckets when they arrive at the surface 
of the ground. The expense of this method of raising water is, therefore, much 
increased. 

In order to obviate this source of expense, and at the same time to avoid the lose 
of time consequent upon the intervals of repose whilst the buckets are being filled 
•sd emptied, a series of such instruments is placed upon an endless chab, passing 
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over a drum hdhw tlie leTd of tlie reaerroir from irhioh the crater is to be raised. 
TIm lower extremity of the chain, and the buokete it oarriee, dip into the water ; their 
opening is tnmed upwards upon the aaoending portion of the chain, and downwards 
upon the descending portion. The machine, of which the abo? e description indicates 
the principal parts, is called the Noria, and is set in motion by a crank, or by 
toothed wheels communicating with a mill. In passing throngh the water, the 
buckets Ull themselTes with water, and they carry it with them to the top of the 
iseeDding chain ; when they arrire at the top they incline laterally, according to the 
conTezity of the upper drum, and they pour their water into a basin or trough placed 
toreceiTeit. 

In this manner the buckets fill and empty themselTes, and the continuity of move- 
ment is attained. But at the same time that the noria possesses these adyantages, it 
has some defects : thus the water forcibly is raised to a higher point than that of dis- 
charge, and the great weight of the machine, as well as the number of joints, augment 
considerably its resistance, its friction, and the expense of repairs. In spite of these 
defiKts the noria is a very useful instrument, and it has been in use in the Bast for 
many centuries. The Arabs carried it with them into all the countries of Southern 
and Western Europe they conquered, and it ia unquestionably to them that the 
inhabitanta of Spain and of the South of France owe its application to the purposes of 
irrigation in their gardens. 

OriginaUy the. chains were formed simply of wisps of hay or straw, the buckets 
were only common earthenware yessels, and the drums, both above and below, were 
nothing more than ends of timber rudely crossed. Such is even at the present day 
a description of the minority of norias used in Spain, Italy, or Egypt, and although 
rustic, and rude in the extreme, they effect tolerably the proposed object. In the best 
modern norias, however, the buckets are made either of sheet-iron or of copper ; the 
chains are of iron ; the toothed wheels are of cast iron, as are also the drums. 

I>*AubaiBSon cites, as a very perfect machine, a noria made by M. Abadie, of 
Toulouse. It consists of a dram of hexagonal form, 18 inches in diameter and 
about 17 inches long. The axle of the drum is of iron, and 5i inches square ; the 
chain is about 45 feet long, and contains 28 links, each of which carries a bucket 
of sheet-copper able to hold 3 j^ gallons. The sur&ce of the basin which receives the 
water is about 8 inches below the axle of the drum, and 16 feet 10 inches above the 
level of the water in the well. A common horse, used for gardening purposes, works 
this machine^ and produces a useful effect of about 400 tons raised 1 foot high per 
hour, or about 0*82 of the real power employed to set the noria in motion. Navier 
made some experiments, which appeared to shew that the useful effect was about 
0*88 of the power, but in practice it is not advisable to reckon upon more than 0*70 
to 0-80. 

As already seen, it is necessary in a noria that the water should be raised to a 

point above that of discharge, in order that the buckets may empty themselves. It 

itdlows from this, that in order to produce an effective result Q A, it is necessary, 

leaving out of account all friction, to produce a real effort Q (A -f h') in which 

Q B the weight of the water, 

k = the height of the discharge, 

hf = the extra height required to enable the buckets to discharge the water at a 
proper height : this is usually about 2 feet 6 inches, or the radius of the 
circle described round the hexagon formed by the drum, with a play of 
firom 4 to 8 inches. 

As the value of hf remains constant, whatever be that of A, the proportion of the 
vaeflBl effect to the power employed will be increased as h increases, and this theore- 
VOL. ni. 8 B 
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iioal dednotion has been confirmed by direct experiment. The power thni lost ib, in 
addition to that cited above, represented bj the ooeffident 0*82, so that the real 

expresaion of the nsefnl result would be .^. 

A + A 

There are many other machines for raising water which produce more CaTonraUe 

results than the noria, with reference to the proportion between the power employed 

and the useful effect produced. But the noria has the twofold advanta^ that its 

simplicity of construction is such that a common blacksmith can repair it^ and that 

it can raise waters, however muddy or charged with sediment. To aeeare the most 

favourable results it is advisable that the movement should be slow. The depth to 

which it can work favourably appears to vary from 8 to 10 feet at a minimum to 

about 45 or 50 feet at a maximum. 

Fig. 16. 




The sketch, No 1 6, illustrates the noria used in Spain ; the pots are of earthenware, 
the chains replaced by haybands, and the machine is set in motion by a hone or an 
ox. According to Jaubert de Passa, from whose work 'Voyage en Bspagne* the 
sketch is extracted, by the aid of one such noria it is possible, under the burning 
climate and the sandy soil of that country, to supply the wants of a family from three 
or four acres of land. 

Chain-pumps may be taken as representing what foreign engineers describe under 
the name of Chapelets, and they are of two kinds, the vertical or the inclined 
chapelet. They were formerly much used in drainage works, and, it apx>ear8^ are still 
retained in China for raising water for irrigation ; but their use has been almost 
entirely superseded by the Archimedean screw or by other machines in Europe or 
America. 

The vertical chapelet consists of a tube, either cylindrical or square^ about 13 or 
20 feet long and 5 or 6 inches diameter : the lower end of this tube is placed in the 
water. Above the tube is placed a wheel or roller, fixed upon an axle, at the 
ends of which are winch-handles. An endless chain works upon the roller and in the 
vertical tube, bearing from distance to distance a series of valves of wood or of metal, 
lined with leather, fitting tolerably closely against the sides. A second roller is 
placed at the bottom to guide the chain, and to keep it constantly in a state of 
tension. 

When the chapelet is in motion, the upper roller moves the links successively, and 
thus raises the chain. The valve which arrives at the lower orifice of the tube then 
takes the water below the precedmg valve, intercepts ita communication with the 
lower reservoir, and carries it to the discharging channel. 
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In SUM vh«ra the beigbt from wblelt U* wator hu to ba niwd do«a nik n««ed 
IS HI 11 IM, the tbtUoJ oh«pd«t iippein (o be idTuitageaiii ; ita muhinat; !■ Uu 
compllialed thui that of the noria, and it aSen leaa naiatwiee. A cooaiilenible 
qoantitj of the mter, it ia trva, etcapet betwgoi the iMthen and the lidei of tha 
Inba, eapedaUy when the ipead ii imall. ThJi Iiiai, bovenr, may be diminiihed bf 
keapoK the machioe coulactlj io repair, and partieolarlj hj applying to (ho lover 
«Dd of the tnbe a canfally-bored metal i«pe of a ratber nnalleT diameter, and of a 
langth a IHUo man than the distance of one valve from antjtber. 

It i* nmal to employ from toai Io vigbi men at the wiueb-handlea, *bieb have a 
ndiiu of aboat 1 foot i inchet, and makelroDi SO to 30 reTolntiona a minute, to work 
theae Tertieal ofaapeleta. Working S hoan per day, and relieved every 2 hoon, thaae 
nen imiae from 3T0 to 400 tona 1 foot Ugh in a day. In geneial, it may ba aanimed 
that tin aaeftal affect i« equal to O'SS of the labonr employed, and that Ibe qoantity 
of water raiaed ia about fiie-nitba of that entering the tabe. 

The dapelata may be worked by nuuinal labou, or by horses ■' 




Tba Inclined obapalat coniieti of a aeriei of vatvea attached to an endlen obain, 
nanallj of a reetasgotar form, and working In an inelined trough. The deacending 
bnneb of th* ohun bean upon the nppar lids of the troagb, IF it be covered, or upon 
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a spcdei of Boor, ihoald thkl not bo tbe cue. The trongh dip* into the wdl, and ii 
pj^ lg_ carrivd tothepointirtitrait ii decind topou 

Tha plxj laft betwtea the exterior of Uw 
Tklrm and ths aides of the troo^ i* Mt 
more Uua {& of an iaeh. For tbe Mm* 
Bcctiooal area of Talre the derelopment of 
the part of iti oentonr in oonleet -with O* 
tron^ ii the leaat, u ii likewise tha 
quiuititj of water it allawa to eacaji^ when 
the height ii equal to half the width ; nafec 
thel«M in praotioe the height is sometiBMi 
made aqoal to fbor-fifths of the width. Ite 
distance between the Talrea Tariea from 1 to 
14 times the height, and the speed from 
S feet 6 inehei to S feet per aeoond. 

Tbe inelined ehapelet reqoirM a giMtter 
motive power than the Tertioal riiapeUit 
praportianally to the effect predneed, —en 
aeoannt, Gntl;, of the frietioa of the Talraa, 
aad, seeoDdly, on aoeonnt of the iMi nt 
water between them and the ^dea of the 
troogh. In Europe^ therefore, thia mode of 
taiuHg water has long mnee been abaadoBed ; 
bat it is retaiited in China, where the low 
price of laboor ma; still jnati^ it* Me. 
Pejronnet was one of the lart to emploj the 
inclined ehaptleta, aod !t appears from ths 
eiperimente and oheerratians he made that 
tbe real osefnl effect the; prodnced did not 
FTceed mare than O'lO of the power emplojed. (Sea figs. 17 to SO.) 
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4. Water-wheels, wiih buckeU, ice. 

It if poMiUe to apply to the droumferenoe of a water-wheel, the lower part of 
which works in a stream, a series of buckets, which are open, and so disposed that at 
the lower part of the rsTolntion thej should take np a certain quantity of water to be 
aAerwazds diaehar|[ed into a basin oonstmoted to reodve it. There is no simpler or 
more economical method of raising water ; the same current fximishes the power and 
the material required. For these reasons, when local circumstances admit of its 
appUeaticm, this kind of machine is frequently used for irrigation or domestic 
purposes. 

When the depth from which the water is to be raised is considerable, a separate 
wheel is constructed for the buckets and for the floats. The first consists of two 
circular plates, between which th^ buckets are placed, in the best wheels of this 
description, upon an axle which traverses the upper part, and around which they are 
free to moTe. In this manner they remain yertical, and retain the water they have 
taken up until they arrire at the top of the wheel ; there a rery simple piece of 
mechamsm causes them to incline, the water fidls out, and they reassame thdr posi- 
tion. The float-wheel communicates morement to the bucket-wheel either by an axle 
common to the two, or by. any other contriTance. In rough ooontry works, however, 
the floats are occasionally arranged at fixed distances to act as buckets, which, by the 
morement of the wheel, successiyely takes up the water, and pours it into the reser- 
voir. Unless, however, the openings of the buckets be well regalated, they always 
lose a portion of the water they take up at the moment they leave the stream ; more- 
over, the water is not discharged until it reaches a point higher than the one where 
it is required to be used. For these reasons, the loose buckets above mentioned are 
prefOTred. 

Feyronnet used a similar machine to that described with considerable success for 
draining the foundations of the Neuilly Bridge. The float-wheel was fixed at a point 
in the stream where the Telocity was about 2 feet 8 inches per second, and the bucket- 
wheel was removed to the difierent piers, sometimes to a distance of 116 feet. The 
first wheel was 19 feet 2 inches in diameter, the width of the floats was 21 feet 4 
inches, and their height was about 8 feet 2f inches. The second was 17 feet 7 inches 
in diameter, and carried 16 buckets, or cases, each of which cubed about 5 cubic feet, 
but did not lift to the top much more than 34 cubic feet. This machine raised 185 
tons per hour from a depth of from 10 feet 6 inches to 12 feet 10 inches, — a usefal 
effect equivalent to that of twelve vertical chapelets, such as Feyronnet employed for 
the works of the same bridge. 

The machine known to the andents by the name of the tympanum is but a modifi- 
cation of the bucket-wheel. It consists of two plates and a cylindrical envelope^ to 
which they serve as a base. It is divided interiorily into eight, or a greater number 
0^ compartments by a series of partitions disposed in the direction of the radiL The 
qrlindzical envelope is pierced by a series of holes, one corresponding to erery opening 
or division in the interior of the wheel, and the exterior drum is pierced by a large 
axle, upon the face of which are as many openings as there are compartments. 

When this machine is properly placed upon the water to be raised, and it is set in 
movement^ each opening, as it passes below the level of the water in the reservoir, 
takes up a certain quantity of water, which passes into the receiving tank by the 
openings in the £sce of the wheel. 

At the beginning of the last eentnry Lafaye modified this wheel by making the 
compartments aocordiog to the development of a cycloid generated by the revolution 
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of a circle eqaal to the diameter of the azlo, and by snpprening the external ease. 
Bj thi£ disposition, a vertical line passing through the centre of graylty of the hodj 
of water contained in each division is tangent to the axis ; and whatever may he the 
position of the tympannm, the radios of its axis is the expression of the reautanoe ; 
so that the effort is as regular as possible. 

Peyronnet made some elaborate obseryations upon the effect prodaoed by ihsM 
wheels. The tympanum he used had a diameter of 19 feet 2 inches, and carried 
24 partitions, entering the water to a depth of nearly 10 inches. It made 2^ tana 
per minute, and raised 123 tons of water to a height of 8 feet 6^ inches per hour, — 
the motion being communicated by 12 men working a wheel with a lantern ; so thai 
the useful effect of a man*s labour per hour was equal to 87*8 tons raised 1 foot hi^. 
The proportion this bears to the useful result of a vertical chapelet is about 26 to 17. 
But the tympanum has the serious objection of not being able to Uft the water above 
the axis, which entails the necessity of making it of considerable dimensions, and 
therefore very heavy and cumbersome. It may be driven by water, steam, horsey or 
hand labour, as may be necessary. 

In England this description of wheel is known as the Persian wheel, but it is veiy 
rarely employed. Its antiquity is very great, for Vitruvius mentions it^ and even 
very correctly cites its advantages and disadvantages : '* Non alte tollit aquam, sed 
exhaurit expeditissime multitudinem magnam.** 

The JUish-vfheel works upon the same principle as the chapelets, but its operation 
and effects are confined to a circular channel, in which the flat blades move. In 
Holland these wheels are used to raise the water occasionally from the marshes, and 
they are there set in motion by wind-mills. Near Paris, in the basin of St. Ouen, a 
machine of this nature was constructed for the puipoee of lifting water from the Seins. 
The prino'pal dimensions were as follows : — 

Exterior diameter of the wheel 35 fi. 

Interior do. 29 ,, 7 in. 

Length of floats . . , (nearly) 4 ,, 

Height of do. measuring upon the inclined line of the floats . 3 ,, 

Do. do. measured upon the radius 2 ,, 8( in. 

Number of floats 36 

The observations made upon the working of this engine shew that it raites 2200 
tons of water 13 feet 2 inches high in an hour : the power of the machine setting it in 
motion being 45 horses, it follows that the real effect produced is 0*82 of the power 
employed ; but as the power of the engine was not accurately ascertained before the 
trials, the results are only to be considered as approximations. 

Smeaton and Navier examined the action of these wheels. Smeaton states that 
their results are even more favourable than those cited above, but his experiments 
must be considered rather as ascertaining maximum than mean results. Na?ier 
found that the useful effect bears a greater ratio to the power employed when the 
speed of revolution is the least, and that theoretically tbe effect and the power would 
be equal if the speed were infinitely small. But at the same time the loss of water 
between the circumference of the blades and the race increases when the speed of 
revolution diminishes : all other things being equal, this loss may be reduced to the 
lowest terms by making the blades rectangular, and of a width equal to double their 
height. 

This description of wheel is liable to the same objection as the Persian wheel, vis. 
that the water cannot be raised above the level of the centre of the axle. Neverthe- 
1mI| In the fen districts of Lincolnshire Mr. Qlynn has lately erected mmt pow«tf« 
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■mliiimj «f tbit utnrg. Om of th«w aracted on the Ten-mile Bank, neu Uttlc- 
pnt, in the Ills of Blf, ii driTen b; ui SO hone-pawer engine with > vheel 40 feet 
diameto'. The Deeping Fen, neat Spulding, vitb an nrat of 25,000 uru, is dnuned 
bf two enginea of SO and 60 hone-povar. The 80 hone-power engine works a wheel 
SB feet diameter, with float-boarda fit feet bj fi feet, and tnoTing with a velodt; of 
9 fM per MCond on the areisg"- When the engine haa itg fuU dip, and conseqaeDtl; 
the •Betimal ana of the bladee lifting the water ia 2Tj feet, tlie qoantit; diw^harged 
per aeoond ii 165 anlno feet, or about <| torn laieed 5 &et in height. The Dsefnl 
eflaotof thia engine would tbiu appear to be 88 of the nominal power; hot the 
Temark made aboTe with lefannoe to Iba engine of St. Oaen applies eqnallf in thia 
eaea, ni. that little depeodeoM can be plaead on the nominal eipnaaun) of the power 

motion Gram 




a wisd-miU. The EgoiM 22, 23, 24, and 2S reproent modifieationa of 
and (ba bnoket-wheeU to be met wtti in practice. Pig. 24 of tbeae rapreeenU the 
doeriptimi moat oommonlj nied bj the &nnen in the Upper Shine diitricta for 
taUag watai br iniptiou ; and although fu from being perfect aa a meehanioal 



VATIR MKADOVS, OB IBftlOATIOH. 




•nj "Uw o»rp«nt»r eui luko it, ud m fMlly k««p it ta npur. Tb« 



WATER MEADOWS^ OR IRRIGATION. 7S7 

emigrants from this dutriet haTe carried their bucket- wheel into the United States, 
whero it ia applied with the same sacoess as in the mother oonntry. 

5. Miteellaneoui Machines, 

The class of water-raising engines thus grouped together have little, if any, connec- 
tion with one another. 

The most important of these machines, when an intermediate point of discharge 
can be foand for the water creating the power, is the water-colamn engine of foreign 
engineers, formerly known in England as the ' Hungarian Water-pressnro Machine. 
It consists of a cylinder or large pump-barrel, in which a piston mores, driven by the 
weight of a high column of water confined in an upright pipe ; a rod or balance-beam 
is listened to the head of the piston, which communicates movement to common pumps 
or other implements ; sometimes, but rarely, a system of machinery is adopted which 
converts the alternate up-and-down motion into a clroular one : this conversion of 
movement, we may romark, is never effected in the best and most modem machines 
of this description. 

One of the most perfect water-pressure engines has been erected at Huelgoat, by 
order of M. Junker. It is single-actioned, and the principle upon which it works is 
similar to that of the Cornish engine ; but the transmission of the pressuro of the 
water has led to some important modifications in the details of its construction. 
The principal condition required in these engines is, that water should be obtained in 
a vertical column of suflScient height, and that it should be discharged after the 
pressuro it is exposed to at the bottom of the column has produced its effect. As in 
the Ck>mish engine, the manner of application consists in 'directing this force so as to 
raise a piston lifting the load, and then in cutting off the communication when the 
blinder is full, giving free egress to the water which has thus created the power, and 
aUowing the piston-rods to fall by their own weight. 

In the lifting machines of Huelgoat, the cylinder producing the motion is placed 
with the cover downwards, and it is open at the top ; it bears at the bottom a 
shoulder, which is successively put in communication by means of an upright pipe 
with two pipes, the one leading to. the base of the water column, and the other to the 
discharge heading ; these therefore serve as the conducting and discharge pipes^for 
the water producing motion. To set the machine at work, it wOl suffice to place the 
shoulder at the bottom in communication with the feed-pipe ; then when the piston shall 
have traversed the whole of its course, to close this orifice, and to put the cylinder in 
communication with the discharge pipe, so that the water may be driven out by the 
weight of the piston and of the pump-rods, which produces the down-stroke. 

At Huelgoat there are two machines of the naturo described, designed to raise the 
watera filtering into the mine, which it is supposed may amount to 200 tons per hour. 
They are placed about 360 feet below the surface of the ground, in the midst of the well 
designed to collect the waters, the bottom of which is about 1080 feet from the surface. 

The cylinders aro 3 feet 44 inches diameter and 9 feet high. The piston is of brass 
and is simply covered with leather ; the stroke is a little more than 7 feet 6 inches 
long, and the machine makes on the average 54 strokes per minute. A wrought-iron 
rod is attached to its centro, which passes through the bottom of the cylinder and 
descends vertically to the bottom of the well : it is designed eventually to raise the 
water at one lift a total height of nearly 755 feet, to an overflow channel. The 
descending column is of a total height of 246 feet 8 inches, but as 46 feet 8 inches of 
this is lost by placing the machines below the level of the overflow, the effective head 
upon the cylinder is only 200 feet. The reason for placing the machine in this 
petition was, that it was deemed advisable by this means to counterbalance the weight 
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of the pump-rodfl. The eqailibriam is thug prodaoed to a certain extent by a colnmn 
of water 46 feet 8 inehee high, with a base of 8 feet 4} inches diameter. 

The diameters of the feeding and discharge pipes are nearly 15 inches each, that of 
the pump-barrels is 18 inches, and that of the rising main lOj inches. 

In this description of machine the piston receires the whole power of tlie water 
producing motiou, excepting the small portion required to work the regulators, and 
nearly all the fall H is used, so that the dynamical effect ought to be Tery nearly 
expressed by P H ; P = the weight of water. But the Miction of the piston in the 
cylinders, the resistance the water is exposed to in the pipes, and the Tarious bends, 
absorb a notable portion of the power ; so that eren in the best machines the real 
effect is only equal to about }rds of that found by theory. In the best water-column 
machines of Freibourg, the maximum of the real effect rises to 0*70 or even to 0*75. 
At Huelgoat the engines do not work to their full power, so that actually th^ only 
produce 0*45 P H, although it is supposed that when the workings of the mines shall 
hare been carried to the depth originally intended, they will yield 0*75 PH. IL 
Junker, however, has deemed it safer not to calculate upon a real effect of mors 
than 0*66 PH. 

Some water-pressure engines produce their effect merely by the compression of the 
air in an intermediate chamber. But such engines, although the philosophical 
principle upon which they are founded be Tery elegant, are not of sufficient practical 
utility to require a long description. The reader is therefore referred to Dr. 
Gregory*s 'Treatise on Mechanics* for the details connected with their action and 
construction. 

The ffffdraulic Bam of Montgolfier* 

The hydraulic ram was iuYented by M. Montgolfier, of Paris, about the year 1797, 
and is very remarkable both on account of its simplicity and of the peculiar principle 
of its action. This would appear to depend upon the momentum of any body once 
set in motion continuing to operate after the moTement itself shall hare ceased in 
that body. 

This machine consists, firstly, of either a feeding reservoir, or a conducting pipe^ 
M ; of a pipe forming the body of the ram^ a b, which conveys the water to the work- 
ing part : this last is called the head, and consists in a shori pipe o d, open at its 
upper end by means of an orifice f, against the edge of which works a valve a, intended 
to close it The head also contains the rising valve h, which opens upwards into a 
reservoir called the air vessel, and at the bottom of the air vessel Lb placed the 
ascending pipe i. 

The form as well as the respective positions of the parts of these machines may 
differ, as is shewn by the accompanying sketches, figs. 26 and 27. In tho latter the 

Fig. 26. Fig. 27. 
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valves are repUced by hollow globes, whose specific gravity is twice that of water. 
They are retained in their position by iron bars, which nevertheless leave them at 
perfect liberty to move in the required directions ; the seats of the openings are lined 
with tarred yam, in order to break the jar occasioned by their falling into their seats. 
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Now, if we lappoie that the Talve a be drawn down, the water will flow from m 
along ABf and eicape through the orifice e. VThilBt the water ie thna flowing, the 
weight of the Yalre a most be adjusted by means of the spindle t placed to receiTO a 
load, so as jnst to sink or force its way down against the head of water in ▲ b. When 
the water, howerer, is in motion it acquires considerable momentum, and exercises a 
power greater than that of the mere column to which the Talre has been adjusted. 
The TalTe a is then raised, and the orifice e dosed, and the flow of the water being 
thus cheeked, it becomes stationazy, the momentum is lost, the Talre and weight then 
again become superior, and they &11, opening the Yalve, so as to let the water escape 
again. In this manner, as the pressure of the water and the weight of the valve 
become alternately superior, the valve is kept in a constant state of vibration without 
any eztemsl aid whatever. 

It must be evident that in the mean time the momentum generated between each 
pulsation cannot be at once destroyed ; a second valve h is then provided, through 
which the water is forced into the air vessel, until the elasticity of the air overcomes 
the gradually decreasing momentum, when the valve b closes, and that at e opens, to 
allow of a second pulsation. The same series of movements will be repeated so long 
as the upper reservoir shall continue to supply water. 

M. D*Aubuisson cites as one of the most powerful machines of this class the 
hydraulic ram constructed at Hello, near Clermont-sur-Oise, by Montgolfier the 
younger. The body of the ram is 4^ inches in diameter, 106 feet 7 inches long, and 
weighing about 29 cwt. ; the head weighs 4 ewt. ; the capacity of the air vessel is 
only 1*32 gallon. The valve (a) consists of a flat plate, in which are seven holes, 
dosed by the same number of hollow balls H inch diameter. It beats 60 strokes per 
minute. (In the subjoined Table more details are given of this engine.) 

Hitherto the reactions which take place in the working of the ram have baffled all 
attempts to form any satisfactory theory upon their causes, and the practical results 
they have presented have been too discordant to allow of the establishment of any 
general formula, possessing tolerable accuracy, by which the proportions of the different 
parts of the machinery can be predicated, or by which the relation between the 
power employed and the effect to be produced can be expressed without a separate 
trial in every case. The passive resistances, especially those of the valves^ present in 
Isct so many diffieulties as to render their appreciation nearly impossible. 

In the following Table, extracted from D'Aubuisson, and from Hadiette*s ' Traits 

des Machines,* it is to be observed that the estimation of the effect of the hydraulic 

ram, unlike water-wheeLs, does not require that the vdodty of the movement should 

be taken into account. The effect will be the weight of water raised to a certain 

height in a certun given time ; calling the weight p" and the height H', it mil be 

p^' H'. The corresponding force P being the weight of the water furnished in the 

same period, and H the height of its fall, its expression will be P H, and consequently 

p" H' ^ H' 

the relation between the two will be -p^ ; or it will be ^g; if g represent the 

volume of water raised, and Q that employed to raise it, since Q : 9 : : P : p". 

Height Water 



Nomher of fall. or elevation. employed raised. qW , 

of experiment H. H'. Q. 9. QU 

1 2-"60 16-06 0-068 0-00624 0670 

2 11- 87 59- 44 0' 140 0* 0175 0-663 
8 10' 60 84* 10 0* 084 0* 017 0*661 
4 0* 98 4* 66 1' 987 0* 269 0*629 
6 7* 00 60* 00 0* 018 0* 00097 0*671 
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The ftTenge of these experiments gtres 0*85 as the ratio between q H' and Q H. 

Hitherto the hydraulic ram has only been need when the quantity to be raised has 
been small, and it is very donbtfol whether the machine wonld erer be able to 
produce'any powerful action. The Solent shocks of the Talves, and the jar of the 
body of the ram, shake the supports in a very dangerous manner. It is for the 
purpose of obviating this that the weight of the body of the ram is made as great as 
possible, but in this manner the eril is only partially remedied. In the large 
hydraulic rams, the heavy bed-work in which they are fixed becomes looeened in 
course of time, notwithstanding any care or pains employed in its execution. It is 
therefore to be feared that the use of this very important hydraulic engine must be 
confined simply to supplying the wants of one establishment. 

Jielidor'i Pressure Engine, and BramaJCs Bydrostatie BeUotos, are merely modifi- 
cations of the Hungarian Pressure Bogine. As the latter, in the conditions of the 
Huelgoat machines, combines all their useful details, it will not be worth while to 
dwell more at length upon them, more especially as they are rarely used for the 
purpose of raising water. It may, however, be appropriate to state that the 
theoretical pressure able to be exercised by the great piston of an hydraulio press 
PLD» 

Q » the pressure produced. 

P 3s the motive power : a man acting upon a lever without employing the 

weight of his body prodoces ordinarily P «i cwt. ; or even P » 1 owt., 

if the effort be not of great duration. 
L = the leverage of P, or the distance of the point of application of this fbne 

from the axis of rotation of its lever. 
D ■" diameter of the large piston. 
d » diameter of the small piston. 
I = leverage of the resistance offered by the piston to the moYemeni of the 

lever of P : this resistance is eqnal to the pressure of the water upon the 

I 
small piston, or to P t*. 

But the passive resistances of the machine, and especially the friction of the piston 
against the sides, diminish the real value of Q, so that it varies from 0*80 Q for small 
efforts to 0*85 Q for greater ones. The ratio of the speed of the large piston to that 
of the smaller one is equal to the inverse ratio of the sections, or of the squares of 
the diameters of these pistons. 

The Rope Pump of Veraf although rarely employed, in some positions might be 
mad#to render very valuable service on account of the simplicity of its oonstruetionf 
notwithstanding the useful effect produced is but small. 

It consists of an upper and lower pulloy formed in the usual manner, but with 
several grooves in each ; endless ropes of loosely spun horse-hair or wool are made to 
revolve with great rapidity upon these, by means of a multiplying wheel connected 
with the upper pulley. The lower pulley, together with a great part of the ropes, 
moves in the water, which is merely raised by adhesion to the ropes and the rapidity 
of their motion. 

Water has been raised in this manner about 180 feet by a rope I] inch girth, but 
the useful effect was only §ths of that which could have been obtained by a windlass 
and buckets. Perhaps larger cords and a less lift might increase the useful results, 
but this machine can only be recommended in cases where hand-labour is easily 
obtained, and it is difficult to get the repairs of more perfect pomps economically 
performed, as, fur instance, in some of our Eastern Colonies. 
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Tha nuuhlM InTented bj H. ,YiiI1mi Donniti of the kppIinUoa of the 'c&noe 
hTdnnliqm ' of the Frawh e)igin«en^ — & tarn for whioh we btre no cqoinlent, w> 
liUb ia tha muhin* knovn. An nprigbt plp« la pUoed in the liquid to be r^iad, ind 
spoil tha bottlmn & tsItb opening npnrda ia introddced. If tlie lower end of 
tlie tab* b« nink from 13 to 15 inehw beloir the lar&ee, the wstar will riw throngh 
tbe Tsln^ and stand at the aame height within aa withont. If the tube be now rsiaad 
quleklj, but not aboTe the water, the valre will eloaa, and the water vithin will be 
eairied op with it : when the macMne i) thm at tbe higheat point, let the notion be 
aaddonlj raTersad, and it will be foand that the liquid oalama within wUl continoe to 
aaoend nntU tha momeDtnm imparled to it at firat Bhall bare been upended. A 
mcnnm will tboa be formed in tbe lower part of tha inatmment, into which a freah 
portion of water will enter. After thia operation baa been repented eereral tiinea, 
and if the moTement be well regulated, the Talre beeomra naelea^ for the water in 
tha pipe will aoqnire a GOnitant aaoenaional morement. 

Tha efEaet eTidntly depends npon the rapiditj with which the Inalrament ie 
worked, — i.e. a anfficient reloeitf mnit be giren to the water b; tbe npward atroke 
to prcrant ita deacending till tha tnbe again reaches the loweat point. Tbe tnba 
mnstba straight, and the bore perfectly smooth and nnifaiin, that the liquid may flow 
through with the least posaible obstmotion. As ita length moat be equal to the 
elcTation to which the water is to be rused, it is neoeasarily of limited application, 
and especially so since the whole (both water and apparatus) has to be lifted at eTery 
stroke, — not merely the liquid tbat ia discharged, bnt the whole contents of iJie 
machine. 

By making one portion of the tnbe to slide npon another that is Sied, It would be 
^caaible to obriate tbia ineonvenienee to a ceituu extent ; but pnctically it ia fonnd 
tbat tbe losa of power is ao great aa to render tbe use of this mschine loo expmdri 
tor ordinaiy purpcaca. 

Wiiift Ptmp is ntbar an ingenious oombination of tha Persian wheel and tbe 
preamre engine. It eonststa of a spiiil pipe coiled round in one plane, the interior 
end of wbleb at o ia nnited to an ascending 
ppa B, and the open end ia enlarged ao as 
to form a aeoep, a. In operation, the air 
and water reapectiTely enttf the scoop : the 
body of water ia each eoU will bare both ita 
ends horiiontal, and tbe inclnded air will be 
of abont ita natnnit tensity ; but aa the 
diameters of the coils diminish towards tbe 
entre, the column of water whidi oocuiaMl 
1 tbe outer eoil, will ocenpy 






I they 




approach the eentre o, till there will be a 
oertMu coil, of which it will oconpy a com- 
plete tnro. The water will eoneeqnently run 
back orar tbe top of tha auceeeding coil, and 
push the water within it so aa to raise tbe 

other end. As soon aa the water rises in o b, the escape of air is prerented, and 
the water entering the aeoop on one aide, together with that in the tnbe o a on 
the other, will preaa npon the sir between them, and the water will be forced op 
a R to a hught oorrespoiiding with tbe elastic force of the air ; bnt the height to 
which it can be laiaed can nerer exceed the sum of the altitudea o( the liqoid oolnnna 
in thaemla. 
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Lut of Authori ewuuUed. 

A Treatise of Mechanics, by Dr. 0. Gregory — ^EncydoiMdiaBriUDiiiea, art 'Hydrau- 
lics and RiTcrs* — Treatises upon Hydrostatics and Hydraolics, published by the 
Society for the Diflfasion of Usefal Knowledge — Encyclop6die Roret, art. ' Irrigation 
et Assainissement des Terres' — D'Anboisson des Yoisins, Trait6 d*Hydraiiliqi 
Clandel, Formules Ik TUsage des Ingdnienrs — Morin, Aide-M6moire de ring^nii 
Belidor, Architecture Hydraulique — Narier, Bj6aum4 des Lemons donn^ 4 r&ole des 
Fonts et Chauss^— Hachette, Trait6 des Machines — Peyronnet, (EuTies de (in 4to)-* 
The Works of Bidone, Michelotti, Dubuat, Coulomb, Mariotte, Poncelet, Bytelwetn, 
Wiebekin — Philosophical Transactions of Royal Society —Tatham^s Treatise on National 
Irrigation — Stephens on Irrigation — Baird Smith*s Italian Irrigation ; Ditto, Irriga- 
tion of the Madras prorinces ; Selections from the public eorrespondenoe of the late 
B. I. Company's departments — Nadault de Buffon, Traits de I'lrrigation ; Ditto^ 
Cours d'Hydraulique Agrioole— Sproule's Practical Agriculture — Girardin, Trait6 de 
TAgriculture — Annalejt des Mines — Annales des Fonts et Chauss^es — ^Burat, La 
G^logie appliqu6e, Ice. — Bwbaak's Hydraulics and Mechanics — Sgansin, Gouzi de 
Construction. 

WATER SUPPLY.* Water is so essential an object in aU domestic or 
industrial operations that the means of securing a copious and economical supi^y 
become subjects of the highest interest to the statesman. 
^^^. ^ All waters are not, however, equally fitted for what we may call domestic pur- 

watan. poses. Of late, much has been auerted upon the subject, which subsequent examina- 

tions would lead us to doubt, especially with reference to the qualities of the particular 
class of waters containing in solution the bicarbonate of lime. No examination of the 
physiological bearings of the question has hitherto been made in sufficient detail to 
allow the exclusion of that, or of any other cjass of spring water, free from mineral 
salts in notable quantities. This is to be regretted, for the waters taken into the 
system are known to produce eflfects which are not only injurious to the present, but 
may be transmitted to future generations. M. Chossat, of Geneya, instituted a series 
of experiments upon birds to ascertain the effect of depriring their water and food of 
the bicarbonate of lime, feeding them otherwise in the ordinary way. The result was, 
that their bones were so materially altered that they became unable to support the 
weight of the body ; the calcareous salts of the bony skeleton, were, in fact, re- 
absorbed into the system. The inference drawn by M. Chossat from these experi- 
ments was, that unless the calcareous salts were supplied by the liquid or solid food 
consumed by human beings, there would ensue a gradual wasting away of the system, 
which would reappear in the second generation in the form of rickets. The con- 
stitutional tendency of the inhabitants of peculiar districts to particular complaints^ 
such as the goitre and urinary secretions, which are tmiyersally attributed to the 
chemical nature of the waters, shews that the importance of this branch of physio- 
logical inquiry cannot be too much insisted upon. 

Without entering in detail into an examination of the action of waters upon the 
human frame, it may suffice in the present uncertainty attached to the subject to state^ 
in the words of Tb^nard, that they may be pronounced to be fit for domestic use when 
they are fresh, limpid, and free from smell, — when they boil vegetables without affect- 
ing their colour, and dissolve soap without leaving curds. They should be very 
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alishtly affeeted by either the nitrate of baryta, the nitrate of tilrer, or the oxalate of 
ammonia, and when evaporated, the residanm shonld be Tery small. Potable waters, 
it appears, are improred by the presence of carbonic acid gas, which in the present 
state of the medical science is considered to assist the operation of digestion. MM. 
Dnpasqnier and Chossat appear to consider that the presence of a certain portion of 
the chloride of sodium, and particularly of the carbonate of lime, is essential in all 
waters intended for human consumption. 

In the aboTO indications of the qualities of water it is to be obserred that the 
action upon the colour of vegetables and upon soap arises from the presence of the 
carbonate of lime, or from other modifications of that base. The oxalate of ammonia 
prodaoes deposition of the sulphates of lime ; the nitrate of silver deposes the chlorides ; 
the nitrate of baryta the sulphates of other bases. 

The temperature of water used by homan beings is a condition of nearly as great 
hygienic importance as its chemical nature. The best water is that which has a con- 
stant temperature, — that is to say, compared with the atmosphere it should be warm in 
winter, oold in summer. Haller asserts that it is advisable not to use a water whose 
temperature corresponds too closely with the state of our own organs, and that when 
it is of a temperature below that of our body, it quenches thirst, not only by moisten- 
ing, but also by changing the state of the organs. It follows, that a smaller quantity 
of cold water will snfBce than either temperate or warm water, and it is very certain 
that the coolness even of a water, otherwise bad, will render it more agreeable than 
one which nevertheless may be of a &r superior quality if it be warm. 

Aeration is also an important quality of water destined for human consumption ; 
the oxygen thus communicated forms, in fiict, an essential element in its salubrity. 
The quantity of oxygen which can enter into combination with water differs 
according to the elevation of the source and the length of time during which the stream 
may have been exposed. According to Saussure, the proportion of air suspended in 
running water varies from 5 to 5*25 per cent. Bonssingault considers it to be 3 '5, 
hut evidently the pressure to which the water is exposed must influence the precise 
proportion. In the Cordilleras, for instance, at a height of about 2\ miles above the 
sea, there does not exist a sufficient quantity of air in suspension in the waters to 
support life in fishes. Humboldt and Provencal make the proportion of air in river 
waters even less than that quoted above, for they state that it is only 0*0987 of the 
volume of the liquid ; but at the same time it would appear from their researches that 
this air oontains a much larger dose of oxygen than that of the atmosphere ; in general 
the air suspended in water contains 32 per cent of oxygen. The presence of the air 
may be ascertained by the simple operation of boiling, when it will be given off in 
bubbles, or by mixing with the water a small dose of sulphate of iron to which a few 
drops of ammoniac are added. If this operation be carried on in a position sheltered 
from the atmosphere, and any air be present in the water, a white precipitate will be 
formed, passing subsequently to green and to a yellowish orange colour. 

Potable water must be free from vegetable or animal matters : the least inconve- 
nience attached to their presence arises from the deoxygenization of the air in suspen- 
sion, and the decomposition of the extraneous matters which takes place rapidly under 
the conditions of contact with the air and the existence of moist heat, and renders the 
water putrid. The presence of these matters may be detected by chlorine solutions, 
or by an infusion of gallic acid ; but they often entirely escape observation in chemical 
analysis, whilst it as frequently happens that waters notoriously unwholesome present 
traces of organised matter so feeble as hardly to be appreciable. A careful observa- 
tion of the effects of any particular water upon human beings, or upon the animals 
using it, is therefore as essential as a chemical analysis. Indeed, organised lifo is a 
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hr more delicate xe-agent than any that can be infored from the coUmr of a pieetpi- 
tate ; its indieationf therefore mast be attended to eren more than the grotser indica- 
tions of chemistry. Dr. Angus Smith, in addition, has remarked, thai the vsten 
kept in large towns contain a peculiar organic matter, and that they pari with it in a 
Tariety of ways, particularly by their transformation into nitrates. He adds, thai 
water, from whaterer source it may be derired, cannot be kept for a long iime in a 
state of purity, unless upon a rery large scale, and that it is advisable to use it as 
■oon as possible after it may have been collected or filtered. 

Bain water collected in the open country, or at sea, a short time after the eom- 
mencement of a shower (for the first drops that fiUl carry down the imparities in 
suspension in the lower strata of the atmosphere), is the purest which can be 
obtained. In storms it sometimes contains nitric acid ; at all times it is aerated, bai 
flat and insipid to the taste, and is likely to cause colics. For industrial operationa it 
is^ generally speaking, considered to be the best. 

Snow water is without air, and usually deposits a small quantity of dust on being 
melted. Ice water is bright and pure^ but difficult of digestion. The peealiar and 
loathsome disease called the goitre is usually attributed to the use of dissolTed snow ; 
but the healthy state of the crews of Gapt. Parry's ships daring their long aretie 
voyages, when they had no other resource than the dissolved ice, would appear to 
show, that if proper precautions be taken, it may become a valuable source of supply 
under similar circumstances. 

Spring water is eonsidered by the public generally, and by most empirical writers^ 
to be the most fitted for human consumption, whilst many scientific men prefSer river 
waters. Absolute d priori opinions upon this subject are excessively dangerous, and 
it is povible that the error may be equal on both sides. Springs differ in their 
qualities according to the nature of the strata they traverse ; chemical analysis and 
medical experience must therefore decide whether they be of a proper quality or not. 

iUvers are produced by the confiuenoe of streams and springs, and consequently 
near their sources their waters participate in the qualities of the latter. In their 
course, however, thoy acquire a degree of purity they may not have possessed at their 
origin, if they run upon a rocky or clean sandy bed, and do not receive the organised 
matters draining from the lands traversed. The assertion which it has lately been 
attempted to convert into a law, viz., that 'the nearer the source the purer the 
water,' is, therefore, only to be received with a reservation. Like all other attempts 
to dogmatise on subjects of natural history, it would be dangerous to admit the uni- 
versality of the supposed principle ; indeed, in the msjority of cases spring waters are 
improved in quality by exposure to the air, if at the same time they flow with a cer- 
tain velocity. They part with any excess of carbonic or sulphuric gases they may 
contain, they depose their earthy carbonates, they absorb oxygen, and if they should 
meet with other springs charged with ingredients different from their own, they may 
mutually purify themselves. But although the agitation and exposure to the atmo- 
sphere may facilitate the deposition of certain salts, there are others such as the 
sulphate of lime, the chloride of calcium and magnesium, which are retained much 
longer. Often when a confluence of two rivers takes place, the distinguishing ele- 
ments of both of them may be traced for a considerable distance. The banks of the 
Seine furnish a remarkable instance of this fact ; for some miles below the junction of 
that river with the Kame, on the left bank, calcareous salts predominate ; on the 
right, the magnesian salts, associated with earthy matter brought down by the 
liame, prevail. The quantity of solid matter in suspension in river water variea in 
almost every case. Thus, in 1834, Mr. Eerrisson found that the river Thames con- 
*i^»^ flb of MUd matter ; the Seine is considered to hold ahs; thewaten of the 
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QftTonne, at Bordeaux, are bo cliarged with matter as not to bo purified after standing 
ten days ; the Rhine is stated to contain ^ of solids in suspension in flood seasons, 
althongh the more accarate observations of Mr. L. Horner would only make it jg^ 
In the tropical regions the proportion is even greater, for Major Kennel states that 
the Ghtnges near its embouchure contains 4th of solid matter in suspension, and Sir 
G. Staunton estimated that the Tellow River, in China, brought down ^ of earthy 
ingredients. Manfredi, the Italian hydrographer, calculated that the average propor- 
tion of sediment in all the running water on the globe, which reached the sea was ^fj ; 
but modem investigations shew that this estimate is greatly exaggerated. 

The deposition of the earthy salts contained in spring water takes place in a very 
striking manner in the channels or pipes in which it may be conveyed. Sometimes 
this action is carried to such an extent that the capacity of the conduit is materially 
diminished. For instance, in the aqueduct passing over the Pont du Gard the sec- 
tional area is contracted by a deposition of carbonate of lime : in many cases in our 
own country the same eflfect is produced ; and in others, where the waters contain 
the hydrous oxide of iron, the interior capacity of the pipe is diminished by a deposit 
of that material with remarkable rapidity. Waters of either of the descriptions 
alluded to would evidently be improved by a lengthened coui-se over a clear rocky or 
sandy bed ; but it is a matter of at least equal, if not of greater importance, that all 
eontaminations from decaying vegetable or animal matter be excluded, and that the 
atmosphere with which they are in contact be pure. 

Well waters, if only raised from shallow springs or in small quantities, are liable to 
become stagnant, deficient in aeration, and to take up any soluble salts existing either 
in the ground or in the masonry. In towns, wells appear to contain large proportions 
of the nitrates, and in London at least they are remarkably hard ; at Manchester 
they are selenitic, but the presence of the nitrates appears to check the development 
of vegetable life, unless it be that of a peculiar fresh- water alga. In the construction 
of wells, it is advisable to use sllicious materials as much as i)088ible, and to employ 
the argillaceous cements : a precaution of still greater importance is to place the wells 
in such positions as to remove them from the influence of dung-pits, cess-pools, grave- 
yards, or other receptacles of decomposing organic matter. The distance through 
which the putrid waters from the latter are able to filtrate renders it advisable to 
adopt every possible precaution against their entry. The subject of wells will, how- 
ereri be treated more in detail under that head. 

The waters of large lakes are of a quality intermediate between those of rivers and 
of pools ; they must, however, be always exposed to acquire, in variable proportions, 
— of course, according to their dimensions, their exposure to the wind, and the nature 
of the rocks upon which they repose, — the qualities of stagnant waters. Ponds and 
canals are necessarily still more affected by these qualities ; marsh waters possess 
them to such an extent as to warrant us in laying down the absolute law that they 
should never be resorted to. Stagnant waters are for the most part saturated with 
gases arising from the decomposition of the vegetable and animal matters they may 
contain or receive, and the contact of the hydrogen gases vdlh the sulphates turns 
the latter into foetid sulphurets of the most repulsive and noxious description. 

These remarks upon the nature of pond waters have a practical bearing upon a 
mode of collecting the rain-fall over particular districts, which has been lately brought 
before the public in a prominent manner, nnder the name of * Gathering Grounds.* 
In that system, as it is necessary to store the excess of the winter rains to insure an 
average supply during summer droughts, it is necessary to form reservoirs of con- 
siderable capacity. It is indispensable, therefore, in order to insure a comparative 
degree of purity, that the water should be received into reservoirs constmcted of 
TOL. in. 8 
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materials which are neither able to impart any solable lalts, or to derelop any Tege* 
tation. The form of the reservoirs must be such that the lowering of the water-line 
should not leave broad belts of moistened earth or masonry ; in fiiict, the sides shoold 
be as nearly as possible verticaL But even when these precautions have been ob- 
served, waters stored for any length of time part with their air, beoome deoxygenated, 
and allow any chemical reactions between the ingredienta they ma/ take up from the 
ground over which they flow to develop themselves under the most finvouraUt con- 
ditions. In some of our Bast Indian Ck>lonies it is often neoesiary to conttruet 
'tanks,' for no streamB or springs are to be met with. In such caaea, the laoes 
exposed to the water should be executed with silioiona stones bedded in cementi and 
the tank must be covered. The geological configuration of the tropical r^ona may 
possibly justify the adoption of this tank system : but, and especially in our own 
country, it can only be exceptionally that it can be adviiutble to resort to the system 
of storing rain or surface waters, should any streams flow within a reasonable distance 
of the locality to be supplied. It cannot, however, be too often repeated, that Bngi- 
neering is a science of expediency, — of the adaptation of means to the end. No abso- 
lute law can be laid down in any ease, but every individoal one must be regulated by 
the peculiar circumstances affecting it. 

Should it ever be necessary to use stagnant water, it may be purified from its 
noxious gases by ebullition, and in the same manner the organic matters in sospenaioa 
will be deposited. It should then be filtered through sand, or it would be preferable 
to pass it through pulverised charcoal. Air may be communicated by allowing the 
water to fall from a height ; or, if only small quantities be operated upon, agitatioa 
or simple exposure to the atmosphere for a few hours will suffice. Habioh states that 
stagnant water may be purified by mixing with it a compound of 1 part of quicks 
lime and 2 of alum, or 4 of animal charcoal and 1 of alum, in the proportiona of 1 of 
the compound, in volume, to 1000 of the water : and leaving them in contact for a 
night will usually be sufficient to attain the desired purification. It might be pre- 
ferable to throw the pounded charcoal into the water overnight^ and to add the alum 
on the next day.* 

When a copious supply of water possessing the requisite sanitary qualities shall 
have been secured, there remains to be settled the means of conveying it to tiie place 
where it is to be consumed, and of distributing it from house to house. It rarely 
happens that the supply is to be met with in such positions as to satisfy all the con- 
ditions of a theoretically perfect distribution. The sources are situated either at a 
great distance from or at a lower level than the place where they are to be used, so 
that it is almost always necessary to conduct them ftx>m a great distance or to laise 
their waters artificially. 

The first operation required in all works connected with a distribution of water is 
to ascertain the volume which may be required within a definite space of time in the 
different seasons of the year, as also the possibility of any eventual modification in 
its quantity. If the source of supply decided upon, in consequenee of the chemieal 
analysis, be from springs, they should be careftdly gauged ; and, if poMible, the 
observations should be extended over the number of years constituting the cydo of 
climatological changes in the locality. Should it not be possible to carry oat these 
observations to the extent mentioned, it would be preferable to draw oondoaions tnm 
the average working power of any miUs, should such exist ; because isolated gaogings 

• At the Cai>e of Good Hope, where the frontier rivers are fVwiuently impregnated with the 
■oU fh>m the mountains, being mixed with mud, equal to ^th and ^th of tho volume. It waa the 



practice to put a smaU lump of alum of about i inch cube into two quarU of water when 
alter a few hours, It became fit to use.— iWi/or#. 
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are u ofben likely to indieate a flow far below the arerage as they are at other timet 
likely to indicate it in excess. 
xf con- fpii0 aecond operation is to settle the point to which the waters are to be conducted 

' SUpnly. 

prerionaly to the distribation to the respectiye tenements : and to establish between 
the source and the distribation a conduit whose section and inclination shall be suffi.- 
eient to insure the delivery of the quantity required, should the water flow between 
the respectiye points by grayitation : or to provide the means of forcing the water to 
a higher level in case the point of supply be placed below that of distribution. It is 
deeiraUe that the latter be placed at as great an elevation as possible, in order to 
fi^ilitate the distribution into all parts of the district to be supplied, and to deliver 
the water at the most elevated positions therein. 

Water may be conducted between the extreme points of the source either by meaos 
of open canals or by lines of pipes following an uninterrupted direction, but at the 
same time adapting themselves to all the inequalities of the ground. In the former, 
the water only receives upon its surfEtce the pressure of the atmosphere, and its 
movement results simply from the inclination of the bed. In the latter, the water 
usually occupies the whole internal diameter of the pipe ; it exerts upon its sides a 
pressure, which is the greater in proportion to the differenoe of level between the 
pipe and the source, or what is usually called the ' head,* — and it acquires a velocity, 
which, if all other things be equal, depends also upon the head. 

g water. Water may be raised by means of many different machines already noticed in the 
article on ' Water Meadows.* For all practical purposes, however, our attention may 
be confined to pumps, whether suction or forcing, which are set in motion by steam- 
engines or water-wheels. 

Mtlon. The distribution into the respective parts of a town is eflfected by means of a series 

of mains and submains carrying it to the positions where the consumption will take 
place. 

of eon- When the source of supply is situated at a great distance, it would appear, tcom 

g supply, ^y^^ ]j^ Ij^j^ before said, that it is decidedly better, so far as quality is concerned, 
to conduct the waters ii^open channels, than in either covered aqueducts or in pipes. 
Bat as there can be no absolute rule in engineering works, so in this particular 
instanoe circumstances may require that either of the latter methods should be em- 
ployed in preference to that of open conduits. For instance, if the atmosphere of the 
locality through which the waters flow be contaminated from any natural or artificial 
cause, the effects consequent upon exposure to it will be injurious rather than bene- 
ficial. If the temperature be elevated, not only will the waters be rendered 
disagreeable as a beverage, but frequently they will be chemically deteriorated, and a 
serious evil will be encoxmtered in the evaporation if open channels be used. In 
tropical climates, therefore, or near large manufacturing towns, covered conduits are 
necessary ; in the open country of temperate climates they should be open. Sueh 
channels as the New Biver, near London, ought to be covered : the deteriorated 
qualitj of the water of the Croton Aqueduct would lead to the belief that the latter 
efaannel ought to have been open in the greater part of its transit. 

tuHonels. If the water be not conducted in pipes, but in an open channel, the fall must be 
uniform in the whole length, and the inequalities of the ground must be overcome by 
means of embankments or bridge aqueducts, which maybe occasioDally of three stories 
in height. The ancient Romans have left some very remarkable works of this descrip- 
tion, such as the aqueducts of Evora, Merida, Segovia, Ntmes, Metz, &c The 
government of the Lower Empire did not neglect these works either, for the 
aqneducts near Constantinople are upon a colossal scale. In more modem times^ the 
nq:aediicta of Spoletto» Qenoa, Caserta, Lisbon, Marly, and Roquefavour, may be 
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eited, even If we leave out of consideration saoh -works as the New BiTer, the Canal 
de rOarc, and the Croton Aqueduct. 

If the water be conducted by a pipe constantly full to a certain extent, proriding a 
sufficient head exist at the upper extremity, it may be made to overcome any 
difference of level, by descending one side of the hill and rising on the other, as in a 
reversed syphon. The Romans occasionally resorted to this manner of obviating ihe 
effects of deep valleys, but in consequence of their ignorance of metalluigic arts, their 
means of executing such syphons entailed too great an expense to allow of their 
frequent employment. A very remarkable instance of this kind of Roman con- 
struction is to be found in the aqueduct of Lyons. 

Should it be determined to lead the water to the point of distribution, supposed to 
be at a sufficient elevation to insure the house service by gravitation only, the 
dimensions of the channel will be ascertained by the formula already noticed in the 
article on 'River Navigation.' 

Q — S r, from which we have v = g« 

Q = the quantity discharged per second, 
8 = the section of the water-course, 
V ^ the mean velocity of the discharge. 

According to De Prony, the inclination I will be, |I=g(ar + 6 1^). 

P = the wet contour of the aqueduot, 
a = a coefficient of 0*0000444, 
& = a coefficient of 0*000309. 
Eytelwein makes the coefficients respectively, a = 000024, and b = 000365. It 
appears that for small volumes the coefficients given by De Prony are the more 
correct, but that those of Eytelwein are more applicable to large rivers. 

Galling the quotient of the transverse section of a water-course, 8, by the wet 

a 

contour, P, the mean radius, or R ; it will be R= — ; and the formula of De Prony 

* • 

gives by substituting for a and b their values as above, 

RI = 0*0000444 V + 0-000309 v^, 
from which we may deduce 

> = >/lH)"06163 + 3"233*428"RI - 0*07185, 
or nearly 

v = 56 86 V^- 0-072 
From these formula;, knowing the value of I and R, that of v may be ascertabed ; 

or equally, what ought to be the inclination I, so as to insure a velocity v == -M 

The value of R depends upon that of the section S and the form of that section, which 
is much influenced by local circumstances. If the aqueduct be in wood or in 
masonry, the sides may be made vertical ; and in order to reduce the wet contour to 
the lowest dimensioD, so as to present the smallest frictional area, it is advisable 
that the width should be equal to at least twice the depth. If it be in earth, the 
sides should be inclined, and the width vary from four to six times the depth of the 
water. 

These formulro are precisely identical with those used in settling the dimensions 
and fall of canals or derivations ; but inasmuch as conduits for town sapplies are 
usually executed in masonry, they can more easily be made to pass under-ground in 
headings, and the bridges they require need not be of such large dimensions as those 
for eanitls. The conduits in the former case are necessarily covered either by arcbes 
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or landings ; in the latter the practice of engineers Tarles according to circumBtanoes. 
The Boman aqueducts were made so as to insare their being 2 feet below the leyel of 
the ground ; if in embankment, thej were usually covered with about 2 J feet of earth. 
In the Croton Aqueduct the depth of this covering is increased to about 4 feet ; and 
unless the height of the top water-line exceed 25 to 80 feet above the lowest part of 
the Yalley, it is carried upon a solid wall of masonry, 
action of In the eonstmction of the conduit care should be taken that the materials employed 
be of a nature which should not be likely to affect the qualities of the water, and that 
the most perfect impermeability should be attained. Silicious stones, fire-clay bricks^ 
or decidedly argillaceous limestones, should be preferred to such as are able to fumisli 
readily the bicarbonate or the sulphate of lime. Hydraulic limes (or better, Boman 
cement) alone should be used ; but great care is required in the selection of this class 
of materials, because many of the most efficient cements are exposed to the serious 
inconvenience of giving out the salts (the nitrates or muriates) of soda. The Romans 
nsed an artificial cement composed of lime, sand, and pounded bricks, laid on in two 
thicknesses, the second of which was evidently worked up carefully with the hand- 
trowel. In many situations this process might be advantageously adopted at the 
present day.* 

The dimensions of the different parts of conduits must depend so much upon the 
nature of the ground to be traversed, and the resistances which they may be required 
to offer, that it is dangerous to lay down any general rule. In subterraneous aque- 
ducts it is usual to make the width in the clear about 3 feet G inches, with a height 
of about 7 feet, in order that they may be visited easily ; bat these limits must vary 
according to the quantity of water to be conveyed. If the foundation be good, it 
would not be necessary to make the floor more than from 13 to 14 inches thick, 
without including the layer of concrete beneath it ; the side walls should be from 
1 foot 10 inches to 2 feet 8 inches thick ; and the arched covering about 14 inches 
thick at the key if the superincumbent weight be not very great. When the conduit 
is carried over valleys, the thickness of the solid sustaining masonry is made some- 
what greater than the external dimensions of the aqueduct immediately below the 
floor, and a slight batter is given on both sides ; and in bridge aqueducts a set-off is 
made at each tier of arches, should there be more than one. 

The practice of the Romans in the construction of large bridge aqueducts is far 
more to be depended upon than the bold style of engineering introduced by Railway 
Engineers, especially in countries exposed to volcanic action. The openings they gave 
to their arches, when executed in ashlar, varied from 24 to 48 feet generally, although 
in their Pont du Gard the arches over the river have spans of 75 feet 8 inches. When 
executed in mixed ashlar and rubble, the spans were made from 18 to 36 feet ; when 
in rubble cased with brickwork, from 12 to 24 feet. The thickness of the piers 
measured in the direction of the axis varies from ^th of the span in the Pont du Gfard to 
about }th in the aqueduct of Segovia, executed like the former, in ashlar. When the 
arches and piers were of brickwork or rongh stones, the piers varied from ^rds to } of 
the spans. If there were several ranges of arches, the first from the ground was usually 
made 2| times its clear opening from the ground to the under-side of the key ; the 
second about ^th less in height, and the thii-d |th less than the second. The 8X>ac6 
between the arcades was usually |th of the height of the first range under the key. 
Up to a total height of 84 feet the arcades were made of only one range ; from 90 to 
160 feet they were made in two ; from 180 to 250 feet, in three ranges. 



* This proceM is common in Sicily at this d&y.'^SdUort, 
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Smftll Tells were bnoBd >t tlistanoa of ■bant Bttrj 100 ftudi^ to kilo* On dcpo- 
■itiOQ of nj extTBneam mattcn in nupenaion ; viuting uid kir fimiuli wan aln 
pUeed tmns diitAnc« to diBt(mc& 

In the Croton Aqueduct the principal delalla ennDient«d ftbore were &itlifitl]; 
espied, And notwlthituidiiig tlie criliciinu of aome modem writen, they nu; be 
■till consideied, in spite of ume defects, to be tkoee called ftor bf the newilwi of 
hot elimatei. In the Bonun aqnedoeU afintion wai partdallr Bsonred br diwhargiiig 
the water from the Dondait into laije buini or «mI«1U. In the honn diatribntia^ 
bowerer, the raanDen of the aocieata gare riae to lo different a sjitem bvm onr own, 
that it is probable that the fonntAias in eTery bonn would obnate the want of aira* 
t!oti in the aqnednct itself. The Croton Aqueduct ii in this respect eren more defideut 
than the ancient oaea, insomoch that no method is iidopted to Ripplf the reqniaite 
qnaotitr of ur ; and it is also to be ofaaerred that the ajFitam of fonaing immenM 
aTtlflcial lakea at the head, as ^ere executed, is objeetionabl^ on aeeonnt of the 
&eilitiee it aSbrde for the ehemicat actians upon orgaoiied matter. The Bomana 
tlmott invgimhl; resorted to spring* whose flow was perennial, instead of storiug the 
flood-waten npon the prindples adopted b; the American eugiueen. 

The main feeder of the distributing pipes of Paris is a good example of a oimdnit 
in solid masoniy. The^rger one ia about 1) mile long, and baa a total &11 of 
4 inches only in the length ; the nnaUer one is & snlwdiai? branoh into oie of the 
most popular quarter^ and is about 333 jards long. 




ID bridges. In some coses where the depth of the ralle; ia rerj great, ajid the namber of arches 
required to oTercome the difference uf level becomes too considerable, bridge 
aqueducts hsTe been replaced by sjphoD bridges. In these the pipes M« made to 
follow the conteure o( the valleja, bat anj sudden iTregularitlea are eompenaated for 
by a series of low arches, with a regular inclination upon the sides, and by an 
ordinary bridge in the bottom. On the lonunits of the reepectire hills ar« pteotd 
Maerroiis, and the vater descending from one will rise into the other, to a height 
OOrrespouding with the head upon the pipes minus the Idsb siising from the friction, 
and any difference in the sectional area of the pipes from that of the conduit. The 
idpes forming the syphon may be either of lead or iron, the thicknea being neoeanrily 
In proportion to the head upon them. 

In the oourse of the Boman aqueduct leading the wat«r8 from the Moont Hla to 
Ijon ii a Tcry nmaikable syphon bridge of thii dMoiption. The nlley ititlf ia 
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about 2600 feet acroM, with a depth of 217 feet, but there is an arcade in the lower 
part reducing the length of the descending limb to 161 feet : that of the ascending 
limb ja 142 feet 2 inches ; and the length of the arcade is about 460 feet. The pipes 
are of lead; for one-half of the descent they were 8| inches diameter, and ly^th 
inch thick ; and for the remainder of the descent, along the level arcade, and for the 
first half of the ascending limb, they bifurcated into smaller pipes 8 inches in 
diameter ; at the last point they were re-united into pipes of 8 inches diameter, and 
80 eontiniied to the lower castellum. There were nine pipes communicating with 
the eastella, and eighteen upon the bottoBi part of the syphon. 

The aqueduct of Qenoa has also in its course a syphon bridge, traversing the valley 
of the torrent Qeivato, between the hills of Molassana and Pino. The horisontal 
distance between the two extremities is about 2193 feet 7 inches : the level part of 
the syphon is 164 feet below the upper reservoir, and the ascending limb has a 
perpendicular height of 139 feet 8 inches, making the loss of head 24 feet 4 inches. 
The pipes are of cast iron, in lengths varying from 2 feet 6 inches to 2 feet lOJ inches ; 
their diameter is nearly 14| inches, their thickness about | of an inch. This syphon 
is of modem date, it was erected in 1782. But the most important syphons ever 
executed are, perhaps, the one in the Manhattan Valley of the Croton Aqueduct^ 
which has actually two pipes 5 feet in diameter, with a vertical depression of 102 feet, 
and the great pipes on the Rivington Pipe Water Works at LiverpooL 

In works of this description it is iiecessary to provide means for discharging the 
air brought down by the water, which has a tendency to accumulate in the lower 
portion of the syphon. The ancients effected this object by means of an ascending 
pipe, rising from near the point where the change of direction is from the desoendlng 
to the horizontal part, to a height somewhat above the castellum at the head. In 
modem syphons, air vessels which allow the escape of the air when it attains a 
certain pressure are used for this purpose. 
^ When valleys of great width are to be traversed, a series of syphons may some* 

times be advantageously formed upon the principle of the Souterazici of the 
engineers of Lower Greece and of the Turkish empire. These consisted of pipes 
starting from an upper reservoir, descending to the bottom of the valleys, and rising 
again into a series of intermediate reservoirs, serving both as a means of discharging 
the air and as head reservoirs for the subsequent divisions of the syphon. The inter- 
mediate reservoirs are erected upon piers of masonry, at gradually diminishing 
rievations, on account of the loss of head occasioned by the friction of the bends. 
The distances apart of the piers were usually made about 500 or 1000 feet, and the 
difference of level between the water in two separate reservoirs was usually 4 inches. 

Conduits in masonry, if forced to pass in the direction transversely to a line of hills, 
must occasionally be carried through them in tunnels. If the height of the hills does 
not exceed 28 feet, a syphon, set into action by filling both limbs from above, will 
carry the water over them ; but in such works greater precautions are necessary than 
in the descending syphons, because if any appreciable quantity of air accumulate in 
the upper part so as to occupy the bend, the action of the syphon will be stopped. 
^ty From numerous experiments it would appear that a velocity of 14 inches per 
second is indispensable to prevent the fermentation and decomposition of the organie 
matters contained in any water-course in warm weather. This limit should be adhered 
to as closely as possible, in order to secure the delivery of the water at the highest 
point in the position from which the distribution will take place. 
ilts. Should the quantity of water to be conveyed not be of sufiBcient importance to 
justify the construction of an open conduit in masonry with a uniform inclination, or 
should the water be derived from a souree situated at a lower level than the distri- 
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buting reservoir, into which it is to be raised by mechanical power, it is neoeasaty to 
employ pipes. 
Pipes are occasionally of wood, of pottery, of cast or wronght iron, or of lead. 
Wooden pipes are exposed to the serious objection that they communicate a dis* 
agreeable flayonr to the water in many cases, and they are ill-adapted to the infinite 
modifications reqoired in a house distribution. 

Pottery pipes are economical, and often the most fitted to convey spring waten 
containing certain soluble salts. They are not able, however, to support a great 
pressure of water ; and, generally speaking, they occasion a sufficient degree of frie- 
tion to cause the earthy matters in suspension to deposit. It is found practically, 
moreover, that the roots of trees, which naturally absorb much water, will be 
attracted towards them from great distances, and that eventually they force their way 
through the mortar joints, and choke up the bore of the pipes. The use of cements 
attaining the hardness of the Portland cement might obviate this inconvenience to a 
certain extent. 

Cast-iron pipes. Pipes of cast iron are generally preferred, on account of their strength, of the 
fitcility with which they can be adapted to any change of direction, and of their 
durability. Some waters appear, however, to exercise a remarkable influence in 
developing their oxidation, thus giving rise to the formation of tubercles which 
diminish the sectional area of the pipes, and render frequent examination and 
cleansing necessary. This subject is still involved in considerable obscurity ; but in a 
note inserted by M. Payen in the * Anoales des Pouts et Chauss6es,* 1887, will be 
found a summary statement of the received opinions upon the subject. It appears 
from this, that aerated waters, slightly alkaline, are the most likely to produce the 
effect above mentioned. Grey cast iron is more exposed to it than whiter metal ; and 
it appears that if the pipes be coated with a solution of hydraulic lime, or with linaeed 
oU containing litharge, the formation of the tubercles is likely to be retarded. 
Chloride of sodium in small quantities exercises very great inflaenoe upon their 
development. Great precautions must be taken against the contraction and expansion 
of the metal. 

Wrought-iron Wrought-iron pipes have lately been introduced instead of cast-iron, the inner face 

'^^^^^ being galvanized, and the outer face protected by a coating of asphalte. It has been 

found, however, that very serious inconvenience is attached to their use ; because, if 
by any subsidence of the ground below them the superincumbent weight should com> 
press the pipes, the sectional area would be diminished without any external indication 
to show where the interference with the flow existed. In fact, the elasticity of these 
pipes is an evil : cast iron would, under the circumstances supposed above, either not 
yield to the pressure, or, if the latter exceeded certain limits, it would break, and 
thus render apparent (by the flow of water) where the injury had taken place. Small 
pipes of wrought iron are, however, much used when there are no abrupt changes of 
direction. 

L«ad pipes. Lead pipes of large dimensions are now seldom employed for the distribution of 

water, unless it be in the house services, as the pipes leading the water into houses 
are technically called. They can conveniently be drawn up to a diameter of 3 or 4 
inches ; beyond that, they are obliged to be formed by soldering a longitudinal joint, 
or by casting. In the latter case, the length can hardly exceed 10 feet, which would 
require nearly as many joints as for cast-iron pipes. Moreover, if the head of water 
be very great, the thickness would require to be proportionally increased. For house 
services lead pipes are the most convenient, on account of the ease with which they 
can be made to bend in any direction. 
- Iiead ia exposed to be acted upon by certain waters ; but its effects, when so acted 
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upon, are far more prejadieial to health than those ariaiug from the decomposition of 
iron pipes. There is still great ohscnrity about this important chemical question ; 
but it would appear that there is some connection between the two actions, for the 
same waters which destroj lead by the formation of the carbonates, affect iron by 
giring rise to the formation of the hydrous oxides. 

The formula for ascertaining the thickness to be given to a cylindrical pipe exposed 
to a certain internal pressure is usually given as follows : 



X = 



C-f* 



in which 



p = the pressure per square inch ; 
r = the radius of the interior diameter ; 
c =s the cohesiye strength of the metal per square inch. 
In practice, however, the dimensions obtained by the application of the formula 
are sometimes neglected, and they are made, especially in the smaller diameters, 
thicker than theory would require, on account of the difficulty of obtaining sound 
castings when the metal is of slight thickness. It is customary, also, to place two 
beltfl^ of about 3 inches wide and i an inch projection, in the length of the cast-iron 
pipes when the diameter is above 3 inches. Mr. Hawksley adopts the formula 
a;=0'18V<^to ascertain the thickness, making it, in fact, about \ of the square root 
of the diameter. 

The following Table gives the usual dimensions of cast-iron pipes, with their 
weights, up to 15 inches diameter. 



Internal 

Diameter of 

Pipe. 


No. of Bolts 
per Pipe. 


LenK^b over 
Joint. 


Net Length 
in work. 


Weight per 
Pipe. 


ThickncBS of 
Barrel. 


in. 




ft. in. 


ft. in. 


cwt. qrs. lbs. 


in. 


U 


• 
• • • 


4 9 


4 6 


1 


0-288 


2 


• a • 


6 4 


6 


1 21 


0-3 


2i 


• ■ • 


6 4 


6 


2 5 


0-313 


3 


• • • 


9 4 


9 


3 24 


0-iJ25 


4 


Two belts. 






1 1 12 


0-35 


5 


), 






13 6 


0-375 


6 


,, 


9 6 




2 1 4 


0-4 


7 


,, 






2 3 8 


0-425 


8 


II 


ft • 




3 1 15 


0-45 


9 


ii 






4 2 


475 


10 


), 






4 2 21 


0-5 


11 


1) 






6 17 


' 0-525 


12 


») 






6 1 


0-55 


13 


II 






6 3 14 


0575 


14 


,1 


8 




7 2 20 


0-593 


15 


II 


II 




8 1 13 


0-612 



The dimensions of lead pipes may be calculated by the formula a;= ^tL . Mr. Jar- 

C-1' 

dine, of Edinburgh, found that a pipe li inch diameter and {th inch thick resisted a 
head of 1000 feet, but that it burst with a head of 1200. Another lead pipe 
2 inches diameter, and also Jth inch thick, resisted a head of 8C0 feet, but burst with 
a head of 1000 feet. The usual thickness of lead pipes in commerce is about ^th of 
an inch, and the weights per foot run are as follows : 



Thiokness. 


lin. i 


IJin. 


li n. 


11 in. 


14 in. 1 If in. 


lain. 


2 in. 


Weight . . 


4-85 . 


5-34 


5-81 


6-3 


6-79 7*27 


7-76 


8-73 
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FormulaB for 
xnoTement in 
pipes. 



Belidor states that a large lead pipe 13 inches diameter and }}th8 thick will resist 
a pressure of three atmospheres. The pipes in the Gardens of Versailles are 2 feet 
1} inch diameter and 1^ inch thick. 

In addition to the formula expressing the imiform morement in an open «*ii^nnAl^ 
before given, De Frony also ascertained one to express the moTement in a regular 
eylindrical pipe ; it is as follows : 

DJ 

Y = av + hv^ = 0-0000173 v + 0*000348 1;^, 

rom which we derive 



v= aJ( 



DJ 



0-0062 + 2871-44 lir _ 0-025, 

or nearly r = 53 -58 aJ — - •025^ 

V — the mean uniform velocity ; 
D = the inner diameter of the pipe ; 
J = the inclination per mdtre (or per yard) ; 

a = a coefficient, mode by De Prony 0*0000173, and by Eytelwein 0*0000222 ; 
& = a coefficient, according to De Prony 0*000348, and by Eytelwein 0*000280. 
When V is given, the discharge will be ascertained by the formula 

Q = S V :» "T-f I in which S = -j— = the sectional area of the pipe. 

Gdnieys gives a convenient formula applying to the ease of a pipe of uniform dia- 
meter receiving its water from a reservoir at a high level, and discharging it constantly 
into another reservoir at a lower point. It is 

q=^c^ ^^l^"^ D', in which 

Q = the quantity to be discharged ; D = the diameter ; 

\ = the length of the pipe ; ( = iiiQ di£ference of level between the extreme 

orifices ; 
H and H' = the heads upon these orifices respectively ; 
c = a coefficient varying with the velocity of the water, as follows : 



Velocity per second 



2 in. 



4 in. 



15-06 17-22 



Sin. 
18-83 



12 in. 
19-50 



16 in. ' 20 in. 



19-84 20-07 



78 in. 
20*79 



00 

21*043 



The formula given in Beardmore's Tables is, however, more simple, and sufficiently 
accurate for practical purposes. It is given to ascertain the discharge when the 
diameter, the head, and the fall of the pipe are known, but of course everybody who 
is accustomed to the use of formuIsQ can ascertain the other terms of an equation if 

only one be unknown. The formula is JL , in which d = the diameter 



in 



feet, h = the head in feet, and I = the length also in feet. Mr. Beardmore gives 
another formula to be used when the head, length, and discharge are given to find 

the diameter ; it is x = 0*235 / ^ , in which I and A are as beforci and q = the 

quantity to be discharged. He has calculated the results of the application of tliese 
fonnnlsB^ which will be found "in his very valuable series of Tables. 
A Teiy important allowance has usually to be made in practice^ on aooooni of 
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tbe friction at the changes of directioD, or even on account of the irregnlaritiM in 

laying the pipes. Navier states that the loss of head occasioned by a bend may be 
ascertained by the formula 

2)= ^foO0392+00186\2, 
2g\ r )r 

p =» the loss of head, owiug to the bend ; 

tf B the mean velocity in the pipe ; 

r = the radius of the axis of the bend ; 

a = the development of the arc formed by the axis. 

From this it would appear that j> is proportional to the square of the mean velocity 
and to the length of the arc, — it is a function of the radius, and independent of the 
diameter ; and that p diminishes in proportion as r increases. 

It is usual to make r of the following dimensions when side mains branch off from 
a leading one ; 



Diameter. . 


2 to 3 in. 


3 to 4 in. 


6 in. 


Sin. 


1 in. and upwards. 


Badius.. .. 


1 ft. 6 in. 


1 ft. 8 in. 


2 ft. 6 in. 


3 ft. 6 in. 


5 feet. 



Beardmore gives as the formula upon which bis Table of the Friction of Bends was 
calculated, 

h =x v^n sine •0*003, 

m which A = the theoretic loss of head ; « = the mean velocity ; n = the number of 
bends if their angles be equal ; or if they differ, then v will be multiplied by the 
sum of their sines, and the product by the coefficient 0*003. Beardmore also 
observes very justly, that the loss of head varies not only acconling to the size of the 
augle, but also to the volume to be carried ; and that the square root of the hydraulic 
mean depth will the most correctly express the variable term of resistance^ and the 
loss of head should be divided by this quantity, to give the real resistance. Accord- 

"'""^''O-"''!: he haa calculated 



bg to him the formula for pipes becomes then, h = 






a Table whose results are sufficiently accurate for any practical purposes, upon these 
data. 

In vertical bends, the rate of delivery is further diminished by the collection of the 
air in the upper portion, and by the retardation of the flow occasioned by the fact 
that a definite proportion of the dynamical effect of the head is absorbed in over- 
eoming the resistance of the column of water to be lifted on the lower side of the 
bend. To obviate these inconveniences, it is necessary, firstly, to place air-vessels 
over the upper parts of the bend ; and either to increase the diameter of the pipe 
before arriving at it, or to accelerate the flow in the portion above the bend. 

In positions where main feeding pipes are exx>osed to shocks or to the action of 
frost, it is necessary to cover them carefully with earth or sand. Usually they are 
laid about four feet from the surface. It may frequently be necessary to lay down a 
double line of pipes, with occasional communications, to insure the supply when any 
repairs are required. In pipe-conduits of great length, the head will exercise very 
different effects at the upper and lower extremities, so that it may frequently be 
advisable to vary the dimensions and thickness of the pipes. The form of the nosiles^ 
or sluices, will often exercise a considerable influence upon the rate of flow, — and in 
fini^ there are so many disturbing causes likely to interfere with the foooesBfol aotioD 
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of such pipe-condoits, that it is impossible to dwell too strongly upon the necessity for 
studying their most unimportant details. 
Bdservoirs. Hitherto we have only considered the case of a supply obtained from perennial 

springs at sufficient height to allow the water to flow by gravitation. But in the first 
place, there is almost always a great variation in the rate of supply by the springs, 
and in the consumption, which renders it necessary to eqiialise the flow by storing the 
excess of some seasons of the year against the want of others. In order to prevent 
the water thus stored in the reservoirs from becoming stagnant, it is advisable that 
they should be traversed by a running stream. The sides and bottom should be, as 
before said, in masonry, or of some material which would not be likely to contain the 
soluble salts ; and if near towns, or in countries where the heat is great, they should 
be covered over, if that course could be adopted within any reasonable limits of 
economy, because the diflerence in the cost of covered and open reservoirs is enormous. 
Open reservoirs for vfater supply may be constructed at an average rate of £600 per 
million gallons in the greater number of localities in our own country ; the only large 
covered one erected of late years for that purpose cost £1000 per million gallons. It 
must then be a question to be considered whether the extra expense be absolutely 
required. 

The dimensions of the retaining walls of these reservoirs will be ascertained by the 
rules already given. A horizontal circular section is not only the most economical, 
insomuch as it contains the greatest surface within a given development, but also 
because its form is the most fitted to resist the thrust of the earth, when the reser- 
voir is to be sunk in the ground. The floor of these reservoirs must be inclined 
towards a scouring or cleansing pit, and in addition to the induction and eduction 
pipes, it must have a pipe at the bottom of the cleansing pit, to be closed by a valve, 
and an overflow pipe. It is advisable also to establish a communication between 
the induction and the eduction pipe, in case any repairs should be wanted in the 
reservoir. 

The capacity of what may be called 'compensation reservoirs* must of course 
depend upon the variations in the supply, — in fact, according to whether they be fed 
by shallow or deep-seated springs, or by the collection of surface waters, and also to 
the rain-fall of the district. The latter is very variable, not only according to the 
seasons of the year and the latitude, but also according to the elevation of the par- 
ticular locality, so much so as to render it dangerous to lay down any d priori 
rule. Experience in our own country has, however, shewn that a supply equal to 
six months* consumption is required to be stored in the wet season, to insure the 
means of an undiminished distribution in dry weather, whenever the water is collected 
from the surface. It is also very questionable whether, on the average of a great 
number of years, it be possible to depend upon obtaining more than |th of the rain- 
fall in any country exposed to long intervals of dry weather, however well the drainage 
may be performed. The very remarkable works executed by Mr. Thorn at Greenock 
were designed so as to store six months* supply, even in the comparatively very wet 
district of the Western Highlands of Scotland. The results obtained in the several 
canal reservoirs confirm Mr. Thom*s precaution. 

It may happen, however, that although the yield of the springs ^m which the 
supply may be derived may be variable, they may yet possess a degree of constancy 
in their flow essentially different from the rain-fall. Thu^, if the streams be given off 
from a geological formation of great thickness and with a great capacity for water, it 
will become to a variable extent, according to the circumstances of the case, a natural 
reservoir. Long continued observations are therefore required to ascertain the extreme 
yariatioDs ; for it is to be observed that as water- works are designed to inffure a snppl|y 
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under the most nnfavoTirable drcumstances, it is more necessary to know the mitiim^m 
yield of the source of the supply than the average . In England, the average cycle of 
the seasons is of about seventeen years* duration ; no gaugings of streams, then, are 
worthy of notice, unless they extend over that length of time. The different con- 
ditions of the permeability of the water-bearing stratum will also so far affect the rate 
at which the rain water can reach the springs, and the proportions of the water passed 
into the earth or evaporated from the surface, that it becomes even more impossible to 
reason d priori on the subject of springs than it is upon that of the rain-fall. 
> It very firequenUy happens that large centres of population are seated upon the 
i banks of rivers whose waters are perfectly fresh, whilst at the same time no source of 
sufficient abundance can be found at an elevation such as to allow of its distribution 
l^ gravitation. Loudon, Paris, Philadelphia, and numerous other cities, are in this 
position, and it becomes then necessary to raise water by artificial means. In the 
large quantities required for a town consumption, the choice of the mechanical powers 
is narrowed to either water-power or steam-power, and local circumstances must 
always decide which should be adopted. Wherever it is possible to obtain sufficient 
power from a stream, there can be no doubt but that a water-wheel will be the most 
economical ; and in such cases as the town of Richmond in Virginia, Philadelphia, and 
Toulouse, it has been successfully applied. But in other cases, either from the inter- 
ference of tides, from the irregularity of the flow in summer, or the ice in winter, 
steam-power is indispensable ; and, in fact, the improvements in the steam engine, 
oombined with the diminished price of coals, have led in most cases to the substitution 
of steam-power for water-power. 

Engineers at the present day appear to be agreed upon this point, that when the 
power of the engine required to raise the water exceeds 20 to 25 horses, the Cornish 
pnmping-engine is the most advantageous. Below that power the first cost of the 
engine becomes comparatively so much increased that it is preferable to employ a more 
direct-acting engine. The economy of working Cornish engines, moreover, hardly 
exists when they are small. 

In the article upon Water Meadows {ante)y in Mr. Wicksteed*s account of the East 
London Water- Works, his papers on the Cornish Engine, and in Mr. Poole's valuable 
iieatise on the latter subject, will be found more copious and useful information. 
The reader is also referred to Mr. Hawksley*s evidence before several of the late 
Parliamentary Committees, to the account of the Public Works of America, and to 
D*Aubnisson's account of the Water- Works of Toulouse, for much interesting and 
practical matter connected with the raising of water. 

The power required either for a steam or water-wheel pumping establishment, is 
aseertained by calculating the horse-power upon the basis of 3d,000Ib6. lifted one foot 
high per minute, and the resistance to be overcome by multiplying the number of 
gallons to be raised per minute by the dead lift, plus an allowance for friction, which 
is usually taken at 12 feet per mile, unless there should be any important vertical bends. 

Wliatever be the motive power adopted, it is almost always necessary, when the 
souree of supply is a large river, to form settling reservoirs, in which the waters may 
deposit any matters they may contain in suspension, and also very frequently to oon- 
struct filters for the greater purification of the waters. The dimensions of the settling 
reservoirs must depend to a great extent upon the greater or lesser degree of purity 
of the waters ; those of the filters depend upon, firstly, the mode of filtration adopted ; 
and secondly, upon the head of water acting upon the medium. Three days' supply 
is the minimum which ought to be admitted for the former : the rate of filtration 
varies from 75 to 200 gallons per foot superficial, per day, of the surface of the 
filters. 



758 WATER SUPPLY. 

mten. In the settling reseryoirB the effect produced upon the water mnst prindpallj be 

mechanical, for it rarely happens that the water is kept long enoogh in them to allow 
of any efficient chemical action. In the filters the action may be either chemical or 
mechanical, bat the expense attending the former is so great that it is hardly possible 
to deyelop it upon the scale required for a town supply. Hitherto, no ingredient has 
been discovered which possesses the disinfectant properties of the animal charcoal ; 
bat as it is necessary that the water to be filtered through it should previously have 
been cleared from the grosser particles in suspension by passing through a coaner 
description of filter, and that subsequently the water should again pass through some 
other filtering medium to insure its freedom from any particles of charcoal, we may 
safely consider that so complicated a process is beyond the reach of the public purse. 
A supply taken from the most perfect mechanical filter with as great rapidity as the 
latter can yield it, will in almost every case satisfy, not only the public demands, but 
also the real exigencies of the case. 

There are several kinds of mechanical filters, of which the system adopted by Mr. 
Thom, at Paisley, that of the Chelsea Water- Works, that used at Nottingham and 
Toulouse, and the recent application of filtering slabs, whether natural or artifioaal, 
are the most important Of these, the system used at Nottingham and Toulouse is 
the most economical when the bed of the river is formed of materials suitable to its 
application. It consists in the construction of filter-tunnels in the sand upon the 
banks ; the water becomes purified by the fact of the adventitious matter being 
retained in the bed of the river, from which it is washed away by the action of the 
stream. If, however, the river carry down much clay, such tunnels will become 
choked in a very short time ; if the sands contain any salts of iron, lime, or nitre^ the 
water will be affected by them. It rarely happens that rivers roll upon beds of pure 
silicious sand, and even when this is the case, Dr. Clark's objections are still valid. 
He noticed, that near Glasgow, where many of these filters are in use, springs often 
rise into them from below, and bring waters of very different qualities. The level of 
the tunnels being fixed, whilst that of the water varies according to the state of the 
river, the rate of filtration must vary also, and in summer, when the consumption 
would naturally be the greatest, the yield would be the least. These filter-tunnels also 
must be exceedingly difficult to clean on account of the very nature of the materials, 
and their application must for the above reasons be confined to such localities as pre- 
sent the peculiar geological characteristics stated to be requisite. 

The filter described by Mr. Thom as having been executed by him at Pftisley 
appears to be the most theoretically perfect, inasmuch as from the fact that the last 
stratum of the filtering medium traversed is composed of a mixture of sand and 
charcoal, the operation must be, to a certain extent, chemical as well as mechanicaL 
The system may be described as follows, nearly in the words of Mr. Thom : ''The 
site of the filters is on a level piece of ground, excavated to the depth of 6 or 8 leet» with 
impermeable retaining walls and bottom. The whole of this bottom is divided into 
drains 1 foot wide by 5 inches deep, by means of fire-bricks laid on edge, and covered 
with flat tiles perforated with numerous small holes, like those used in malt-kilna. 
The perforated tiles are covered to the depth of 1 inch with clean gravel, about 
^ inches in diameter ; this is followed by five other layers of gravel, each of the same 
depth, and each succeeding layer a little finer than the preceding one, the last being 
coarse sand. Over this very clean, sharp, fine sand, 2 feet deep, is placed, and about 
6 or 8 inches of this fine sand, near the top, is mixed with animal oharooaL" Some 
details connected with the overflow and the discharge-pipe, which will be found in 
Mr. Thom*s description, complete its arrangement. 

Mr. Thom made some observations upon the effects of the substitution of the 
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amygdiloidal rooks fband near Paisley for the animal oharooal, whioh confirm the 
theorj propounded by Professor Way npon the chemical action of certain soils. It 
was noticed that the amygdaloids were capable of removing traces of peat nearly as 
effBCtnally as the charcoal ; animal matter also was separated by them. There is 
little reason to doubt but that the affinity between the silicate of alumina and the 
Tegetabla and animal matters in combination with the water is sufficient to cause 
these to leave the latter and to form new compounds with the silicate of alumina, 
which is the base of the amygdaloids. Professor Way noticed that day, a hydro- 
siUcate of alumina, acted in a similar manner, and Mr. Hassall arrived at the conclu- 
sion that both animal charcoal and mild strong clay are perfect with respect to their 
power of retaining the solid matters, dead or living, found in every description of 
water. Mr. Hassall also found, on the application of tests, that neither of those 
substances shewed any trace of sulphuretted hydrogen. However, this branch of 
ohemical inquiry is still in a state of considerable uncertainty, and the means of 
removing with equal facility any excess of the bicarbonates, and the sulphates, of lime 
are still to be discovered. 

The Chelsea filters are established upon a plan which is, perhaps, the most univer- 
sally appUoable, because the materials employed are foand almost everywhere. Mr. 
Quick describes them as follows : — ** The process of deansiog consists of a series of 
reservoirs of subsidence, — Urge open reservoirs between 4 and 5 acres in area, and 
18 feet 6 inches deep) heed with gravel. These reservoirs have an invert of brick about 
6 ftet wide, and 8 feet 6 inches deep, laid in cement. The depositing reservoirs are 
made to hold four days' supply, and the filters placed by the side of them are 
composed of — IsUy, coarse gravel, about 1 foot deep : 2ndly, a stratum of rough 
screened gravel, about 9 inches deep : Srdly, a stratum of fine screened gravel, about 
6 inches deep : 4thly, fine gravel, 9 inches deep : 5thly, fine washed river-sand, about 
8 feet 6 inches deep. The water permeates these materials, and is drawn off by means 
of brick tunnels to the well of the pumping engine.** The objection to these filters 
is, that they require a large surface and a considerable amount of earth- work, for, in 
addition to the depth of the sand and tunnels, it is necessary to have a certain depth 
of water upon them to act as a head. It is upon this account that it appears more 
than probable that considerable advantage would result from the substitution of 
filtering skbs for the layers of sand and graveL There are many natural stones able 
to perform this office, such as the lighter and more scoriaceous volcanic rocks, some 
of the ooralline limestones, and where these do not exist recourse may be had to 
Bansome*s process, by which a porous sandstone can be made of any degree of coarse- 
ness or fineness required. All these stone filters are, however, necessarily exposed to 
be choked by the matters they separate, and precisely in the proportion of the 
perfection of their action. It is therefore necessary to protect their faces by a thin 
layer of sand, to be removed as often as is required. 

It was formerly the universal practice, after the water had been purified either by 
deposition or filtration, to raise it into reservoirs called * serrice reservoirs,* placed at 
suffident altitudes to allow the mains to be filled by gravitation. Of late years, how- 
ever, a system has been introduced by which the water is pumped directly into the 
mains, and the excess, beyond the quantity drawn off for household purposes, passes 
on into the service reservoirs, which become under this system, in fiict, regulating 
reservoirs, for their use is to store a suffident supply for the period when the engines 
are not at work, and to provide against any minor aoddent. The prindpal danger 
attending this system arises from the frequent hydraulic shocks to which the pipes 
must be subjected by the opening and shutting of the house services ; but this may 
be obviated to a great extent by laying secondary mains, called riders, near tlie 
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leading ones, upon which the house services wonld be raised* Especial care must also 
be taken that the moyement of the water, as it leaves the ur-vessel of the engine, be 
as regular as possible. In spite of all these precautions, however, the flow towards 
the upper end of the mains must be exposed to fluctuations of a very unequal nature, 
especially when the pipes are always under charge, and the consumption takes plaee 
directly from them, on what is called the constant delivery system. Experienoe 
alone can decide upon the value of this new system. 

The terms constant and inteitnittent supply have reference to the details of house 
service^ to which we shall have occasion to allude in our notice of that portion of the 
subject. 
Stand pipes. In some cases, whatever be the manner of feeding the distributing mains, the water 

is raised, immediately after it leaves the air-vessel of the engine, over a stand pipe^ 
or a vertical pipe sufiiciently lofty to form a head able to discharge the water into the 
reservoir ; the head must then be equal to the dead lift, and, in addition, be such as 
to overcome the friction on the road. At the East London Water- Works a great 
* portion of the district used to be supplied by the stand pipe without the intervention 

of any reservoir ; but this course is objectionable on the score that the engines are forced 
to raise the largest quantity of water which may be required in any given period of the 
day. They must therefore be of a power equivalent to the greatest, not to the average 
consumption of water in the district. A considerable portion of the steam-power 
wUl thus be unemployed durbg great part of the day, or, in other words, the engines 
will require to be more powerful than they would be if a service reservoir were used. 
The determining motive with respect to the use of stand pipes must be economy ; for 
in many positions, as in the larger part of the East London district^ a reservoir at 
sufficient altitude could only be constructed at a great cost. At the present day the 
steam pumping engine has been so much improved, and rendered in fact so automatic, 
that both stand pipes and service reservoirs have been dispensed with in the East 
London and the Kent Water- Works. 

The dimensions of the service reservoir will necessarily be regulated, firstly, by the 
amount of the consumption, and secondly, by the nature and power of the steam 
engine. If the latter be of a description liable to interruptions in its action, or if the 
source of supply be exposed to irregularities, as in the case of a tidal river, or of one 
in which freshets occur, it is necessary to make the service reservoir of a capacity 
sufficient to insure the continuity of the flow during the periods of interruption. 
Should the configuration of the country be such as to render its construction easy 
and economical, it may be advisable to make it sufficiently large to hold about three 
days* supply in climates analogous to those of the South of England. Bat there is 
always something objectionable in keeping water in a stagnant pool, especially near a 
large town. It mnst be exposed to bo affected by the impurities in the atmosphere, 
. unless covered ; and the expense of covering such reservoirs is so enormous as to pre- 

clude their use on an extensive scale, unless in certain very exceptional cases. In the 
greatest number of instances it will be found sufficient to make the service reservoir 
of adequate capacity to hold water enough to supply the consumption during the 
hours that the engine may not be at work, or to enable it to raise the water by an 
equable effort during the working hours. For this purpose a reservoir able to hold 
one-quarter of a day's supply will be all that is usually required. 

It will be necessary, in caso the reservoir be made upon this principle, to provide 
duplicate engines, or, at least, to have a sufficient number of duplicate parts in 
constant readiness to be enabled to repair any accident at the slightest notice. The 
supply will be to a certain extent liable to be interrupted ; but, on the other hand, 
reservoirs of dimensions so ascertained could usually be covered with economy. 
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In many Frencli towns, the water is taised into a tank situated immediately above 
the engines, the tanks serving, in fact, as the upper portion of a stand pipe, as an air- 
vessel, to discharge any air raised with the water, and, at the same time, as a distri- 
buting reservoir. Over a water-wheel, as at Toulouse, this arrangement may succeed, 
provided that the machinery be of a nature not exposed to accidents or to require 
frequent repairs. But unless the tank be made of considerable dimensions, such as 
would be required to render it a service reservoir regulating the flow, evidently the 
mains could only be charged so long as the machinery was working. In England 
and in America, the practice hitherto has been to establish large open-service reser- 
voirs, but of late the more economical method of using smaller regulating, covered, 
reservoirs has become more general. In this particular detail, as in all others con- 
nected with engineering, it must again be borne in mind that no absolute rule can be 
laid down. Local circumstances must eventually decide what system should be 
adopted, so as to secure the most efficient supply at the least cost. 

The municipal distribution of water may be effected in various manners, according 
to the habits of the population to be supplied, and to the influence of climate upon 
such habits. 

In England, and also in the Northern States of America, the distribution is usually 
effected from house to house ; on the CJontinent, and generally in warm climates, 
large qtiantitics of water are discharged by monumental fountains, or are made to 
form zills in the channels of the streets, whilst house services are comparatively 
unknown. House services, again, may be either at high or low pressure ; or the 
supply may be either constant or intermittent in its mode of delivery. As the system 
adopted upon the Continent is the most simple, and the most adapted to the habits 
of the population of our Colonies, it will be the first wo shall examine, especially as 
the others differ from it merely in questions of working detail. 

The ancient water-works upon the Continent, like many in our own country, dis- 
tributed the water by means of wooden or pottery pipes, but in almost all cases cast 
iron has been substituted of late years for the principal pipes, and the smaller ones 
have been made of lead. 

The formula which is applicable to the movement of water in a pipe passing from 
one reservoir to another ceases to be so when there is a series of side branches or of 
mains deriving the water reciprocally from one another. There is an important 
modification produced by the friction of the junctions and by the constant changes in 
the effective head, owing to the opening of the distributing pipes. During the course 
of the distribution, necessarily a difference will occur in the quantity to be discharged, 
owing to a portion being withdrawn for the branch pipes. It becomes requisite then 
to diminish the mains in the latter part of their course ; but it must be borne in 
mind that up to a certain point it is economical to employ pipes of the same 
dimension throughout, for the cost of models may exceed the saving on the metal 
of the pipes. This question of detail, like all others, must be resolved by comparative 
estimates. 

It is necessary, before deciding upon the dimension of a main pipe, to ascertain not 
only the existing demand it may be required to satisfy, but also the eventual extension 
of the demand, either by an increase of population or by the establishment of new 
factories. 

In an isolated pipe receiving water from a reservoir at a higher level and dis- 
chargbg it at a lower one, the discharge may be calculated by the formula given 
above (p. 754). 

H + f — H' 

D*, in which 
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is raised, immediately after it leaves the air-vessel of the engine, over a stand pipe^ 
or a vertical pipe sufficiently lofty to form a head able to discharge the water into the 
reservoir ; the head must then be equal to the dead lift, and, in addition, be such as 
to overcome the friction on the road. At the East Xiondon Water- Works a great 
* portion of the district used to be supplied by the stand pipe without the intervention 
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day. They must therefore be of a power equivalent to the greatest, not to the average 
consumption of water in the district. A considerable portion of the steam-power 
will thus be unemployed during great part of the day, or, in other words, the engines 
will require to be more powerful than they would be if a service reservoir were used. 
The determining motive with respect to the use of stand pipes must be economy ; for 
in many portions, as in the larger part of the East London district, a reservoir at 
sufficient altitude could only be constructed at a great cost. At the present day the 
steam pumping engine has been so much improved, and rendered in fact so automatic, 
that both stand pipes and service reservoirs have been dispensed with in the East 
London and the Kent Water- Works. 

The dimensions of the service reservoir will necessarily be regulated, firstly, by the 
amount of the consumption, and secondly, by the nature and power of the steam 
engine. If the latter be of a description liable to interruptions in its action, or if the 
source of supply be exposed to irregularities, as La the case of a tidal river, or of one 
in which freshets occur, it is necessary to make the service reservoir of a capacity 
sufficient to insure the continuity of the flow during the periods of interrupttoiL 
Should the configuration of the country be such as to render its construction easy 
and economical, it may be advisable to make it sufficiently large to hold about three 
days* supply in climates analogous to those of the South of England. But there is 
always somethiog objectionable in keeping water in a stagnant pool, especially near a 
large town. It must be exposed to bo afifected by the impurities in the atmosphere, 
^ unless covered ; and the expense of covering such reservoirs is so enormous as to jne- 

dude their use on an extensive scale, unless in certain very exceptional cases. In the 
greatest number of instances it will be found sufficient to make the service reservoir 
of adequate capacity to hold water enough to supply the consumption during the 
hours that the engine may not be at work, or to enable it to raise the water by an 
equable effort during the working hours. For this purpose a reservoir able to hold 
one-quarter of a day's supply will be all that is usually required. 

It will be necessary, in case the reservoir be made upon this prindple, to provide 
duplicate engines, or, at least, to have a sufficient number of duplicate parts in 
constant readiness to be enabled to repair any accident at the slightest notice. The 
supply will be to a certain extent liable to be interrupted ; but, on the other hand, 
reservoirs of dimensions so ascertained could usually be covered with economy. 
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In many French towns, the water is taised into a tank situated immediately above 
the engines, the tanks serving, in fact, as the npper portion of a stand pipe, as an air- 
vessel, to discharge any air raised with the water, and, at the same time, as a distri- 
buting reservoir. Over a water-wheel, as at Toulouse, this arrangement may succeed, 
provided that the machinery be of a nature not exposed to accidents or to require 
frequent repairs. But unless the tank be made of considerable dimensions, such as 
would be required to render it a service reservoir regulating the floWj evidently the 
mains could only be charged so long as the machinery was working. In England 
and in America, the practice hitherto has been to establish large open-service reser- 
voirs, but of late the more economical method of using smaller regulating, covered, 
reservoirs has become more general. In this particular detail, as in all others con- 
nected with engineering, it must again be borne in mind that no absolute rule can be 
laid down. Local circumstances must eventually decide what system should be 
adopted, so as to secure the most efficient supply at the least cost. 

The municipal distribution of water may be effected in various manners, according 
to the habits of the population to bo supplied, and to the influenoe of climate upon 
such habits. 

In England, and also in the Northern States of America, the distribution is usually 
effected from house to house ; on the CJontinent, and generally in warm climates, 
large qtiantities of water are discharged by monumental fountains, or are made to 
£orm zills in the channels of the streets, whilst house services are comparatively 
unknown. House services, again, may be either at high or low pressure ; or the 
supply may be either constant or intermittent in its mode of delivery. As the system 
adopted upon the Continent is the most simple, and the most adapted to the habits 
of the population of our Colonies, it will be the first we shall examine, especially as 
the others differ from it merely in questions of working detail. 

The ancient water-works upon the Continent, like many in our own country, dis- 
tributed the water by means of wooden or pottery pipes, but in almost all cases cast 
iron has been substituted of late years for the principal pipes, and the smaller ones 
have been made of lead. 

The formula which is applicable to the movement of water in a pipe passing from 
one reservoir to another ceases to be so when there is a series of side branches or of 
mains deriving the water reciprocally from one another. There is an important 
modification produced by the friction of the junctions and by the constant changes in 
the effective head, owing to the opening of the distributing pipes. During the course 
of the distribution, necessarily a difference will occur in the quantity to be dUcharged, 
owing to a portion being withdrawn for the branch pipes. It becomes requisite then 
to diminish the mains in the latter part of their course ; but it must be borne in 
mind that up to a certain point it is economical to employ pipes of the same 
dimension throughout, for the cost of models may exceed the saving on the metal 
of the pipes. This question of detail, like all others, must be resolved by comparative 
estimates. 

It is necessary, before deciding upon the dimension of a main pipe, to ascertain not 
only the existing demand it may be required to satisfy, but also the eventual extension 
of the demand, either by an increase of population or by the establishment of new 
factories. 

In an isolated pipe receiving water from a reservoir at a higher level and dis- 
charging it at a lower one, the discharge may be calculated by the formula given 
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Q = ca/ ^ D*, in which 
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niuAtrationB of 
mode of calcu- 
lating s sea of 
doliyexy pipes. 



Q = the quantity discharged per second ; 

A =: the length of the pipe ; 

D = the diameter ; 

( = the difference of leyel between the extreme orifices ; 

H and H' = the heads upon these orifices. 

c = the coefficient deriyed from the Table. 

But, in a distribution, the water meets with several resistances, which tend to 
diminish Q : they may be stated as follows : 1, the usual friction upon the sides of 
the pipe must be allowed for ; 2, the effect of bends must be calculated ; 8, the 
retardation of the flow arising from the change of direction from the main to the 
submain, or to the branch pipe, must be taken into account ; 4, the species of gurgi- 
tation at every junction will also serve to diminish the yield. 

The manner of calculating the two first resistances has been shewn. As to the 
third, it may be calculated upon the principle that when a fluid in movement in 
a pipe passes into a side branch, forming with the main an angle t, the velocity r, 
leaving out of account the other forces acting upon it, will only be v cos t. As it is 
usual to make the seat of such branches at right angles to the main, the effect pro- 
duced Ib to destroy any advantage arising from the velocity in the main, and to reduce 
the head merely to that existing in the latter at the point of junction of the branch. 

MM. Mallet and G6nieys tried some experiments to ascertain the effect of the 
fourth-named resistance, or the gurgitation, from which it would appear that the loss 
of head it occasioned was equal to twice the height due to the velocity of the water 
in the branch pipe. 

1. Practically, the following illustrations, given in 01audel*s 'Ponnu1es4 TUsage 
des Ing6nieurs,' of the manner of calculating the distribution in towns, will be found 
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to be sufficient to serve as models. Jjet it be proposed, firstly, to supply a district by 
means of a pipe of an uniform diameter throughout its length, and discharging the 
water at certain points by means of stand pipes constantly flowing in a similar manner 
to the * borne fontaines ' of Paris. 

The diameter of the pipe must be such that the head should be sufficient at each 
opening to deliver the water at a few inches above the point of discharge. The 
diameter is ascertained by supposing it to be of any definite dimension ; the loss of 
head is calculated for the distanoe between A and b, and the effective head at b is 
thus determined by deducting the loss from the initial head ; this effective head most 
be sufficient to insure the delivery of the water at the orifices upon b. The loas of 
head between b and o is ascertained in a similar mauner, observing that the volume 
discharged by the main will be diminished by the quantity withdrawn at b. This 
loss of head, deducted from the real effective head previously determined for b^ will 
give the effective head at o, which, as before, must suffice to supply the orifices upon 
that submain. Proceeding in this manner with the branches d and b, it will be found 
whether the head existing at the separate branches will be sufficient to insure the 
discharge of water at the several orifices. If this head should not be sufficient, it 
•will be necessary to try a larger diameter ; if it be in excess, a smaller one must be 
adopted. 
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2. Let it be proposed to determine the diameter of a pipe reoeiTing water from 
both ends, and supplying in its coarse certain orifices able to discharge definite 
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quantities. Li snch a case the orifices are supplied, some entirely from A, and some 
entirely from o, and it may happen that one of them, p, will receive its supply 
partially from the one or the other. 

The diameter of the main in either of the parts b a and o g mnst be such that th« 
head at the entry of b should be the same from either side. It is necessary to ascer- 
tain it by trial, as in the previous instance, and for this purpose some diameter is 
assigned to both d a and b o ; after deducting the loss of head occasioned upon either 
of them by the branches b, o, i, and f, the remaining effective heads upon the 
respective portions of the main at p will be determined. Should they not be equals 
one or both of them must be altered, as the results obtained may indicate. 

3. When the distribution takes place by means of a conduit of different diameters, 
it will be found that the system indicated in the first illustration will satisfy the 
required conditions ; because the diameters of the pipes are constant between two 
successive openings, and the rate of delivery is also uniform between them. It is 
necessary, however, in calculating the loss of head to allow for the difference of 
diameter in the pipes. 

4. Should the supply main derive its waters from two pipes whose delivery is 
known, and should it be desired to determine the diameter of the pipe A b, so as to 
insure a particular distribution upon its length, the course to be followed would be as 




follows : a certain diameter is assigned to A b, and as its discharge is known, and the 
difference of level between a and b is also supposed to be known, the effective head 
at A necessary to insure these conditions will easily be obtained. If, then, the 
diameters of a and b be supposed, as the volume to be supplied by them is known, it 
is easy to calculate the loss of head upon each of them, from the initial heads at o 
and B, 80 as to arrive at the effective head produced by them at a. This head should 
be the same for both pipes, and equal to that required to secure the delivery already 
supposed to take place between a and b. If the respective diameters should not be 
SQch as to insure these conditions, they must be modified. 

If the supply by the two conduits oa and ba were not fixed previously, the 
quantity to be furnished by them might be made to vary as well as the diameters of 
t^ pipes, but of course always within the limits of the discharge by means of ab. 
Under all circumstances, the head at A must be the same for the two conduits, and be 
snflieient to produce a satisfactory flow in the part between a and b. 

Passing from these theoretical considerations, we may dwell in detail upon the 
system of distribution adopted in Paris as a good illustration of the best of the very 
imperfect town supplies executed by Continental Bngineers. 

The supply is derived from five sources : the spring waters of St. Gemis and 
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Belleville ; the springs brought into the town by the Aqnedact of Arceoil ; the waters 
pumped from the Seine directly, cither by a water-mill upon one of the bridges, or 
by a steam engine at Cbaillot ; the waters brought in by the navigable Canal de 
rOarc; and, lastly, from the Artesian well at Grenello. From these different 
sources, a total quantity of about 244 million gallons per day is brought into 
Paris, or above 20 gallons per head, if the population be considered to be about 
1,200,000.* 

Of these sources the most important is the Canal de TOurc, which supplies four- 
fifths of the total consumption. It arrives in Paris at a height of about 166 feet 
above the summer level of the Seine, and is thus able to distribute its waters by 
gravitation into almost every quarter of the town. An aqueduct, of which we have 
already given a sketch, is continued round the hills, forming a kiad of amphitheatre 
on the north side of the town, and a smaller aqueduct is constructed upon a spur 
projecting into the quarter of St. Laurent. The mains are led from these aqueducts 
to a series of reservoirs in the most commanding positions in the different parts of 
the town, five in number, of an average capacity of 1,540,000 gallons each, in round 
numbers. 

During the day-time, the water, instead of passing from the canal to the reservoin, 
is diverted into the submains and allowed to flow from a series of small stand pipes 
into the gutters by the side of the footpaths ; at night, these stand pipes are dosed, 
and the water passes into the reservoirs, where it is stored for the supply of the parts 
of the town not immediately upon the line of mains. These stand pipes are called 
^home fontaineSf* and are entirely at the cost of the municipality. They flow at 
three separate intervals during the twenty-four hours of an hour each, or during three 
hours per day, and discharge about 650 gallons per day in the summer months ; 
they only play two hours per day in winter. As in Paris the custom prevails of 
discharging all household rubbish, such as we consign to the dust-bin, into the street, 
and as near the gutter as possible, this mode of distribution is necessary to dear 
them ; and at the same time the flow of the water cools the air in the close streets, 
from which the sun's rays are reverberated with singular intensity on account of the 
materials used in the construction of the houses. Up to 1845, no less than 1600 of 
these fountains existed, and they were placed at a distance of about 410 feet apart, 
upon the mains ; and wherever it was practicable, they were placed at the culminating 
point of a gutter, so that the water might flow in two directions, and enter into Uie 
sewers as rapidly as possible. 

In addition to the ' borne fontaines,' from which anybody is allowed to draw water, 
there are other fountains called * fontaines banales,' from which the public is entitled 
to take water gratuitously, as are also the water-carriers who sdl the water by paUs. 
Other distributions, called * fontaines marchandes,* often provided with charcoal 
filters, famish the water-carriers who employ carts. Stand pipes to supply carts for 
watering the streets in summer, are also placed at average distances of about 1640 feet 
apart. These arc used, on the average, 135 days per annum, and it is found thai 
about 14 pint per yard superficial will suffice to insure a satisfactory service, which 
in summer must take place twice a day. The system of the hose and jet, latdy so 
much praised in England, has been tried and found to be far too irregular in its effects, 
besides annoying the passengers. 

Distributions for trade purposes and for household consumption also take place, 



* The population of Paris is now 1, COO, 000 ; but tho quantity of water baa not materially 
duttigttd aiuce the above was written. There arc, however, great ly^-ojtcU under diacusaion for 
^ m 1 ^ ^^ supply.— G. P. B. 



WATER SUPPLY. 765 

but the latter are not nnder such condition of pressure as to carry the water to a 
point above the level of the first floor. 

Ornamental fountains are placed in conspicuous positions, with a yiew also to secure 
as great hygienic effects &a possible ; from some of these the public and small water* 
carriers are allowed to draw water gratuitously. 

Such, with a few modifications, principally in the manner of bringing the supply 
from the source to the point of distribution, is the system adopted in France, Spain, 
and Italy. It is very defectiye, according to our notions of domestic comfort^ and 
certainly not such as to induce habits of cleanliness ; for moderate as the charge upon 
the sale of the water may be, the necessity of paying, as it were, for every pailful 
used, must check the copious employment we are accustomed to. The amount of 
supply, stated to be 20 gallons per individual, above quoted for Paris, is also very 
fallacious, so far as the real personal consumption is concerned ; for more than half 
of the quantity brought in is used for the ' borne fontaines ' and the ornamental 
waters, and from the remainder it is necessary still further to deduct the quantity 
used for trade purposes. 
•*• ^J®? It may be interesting to state the quantity of water consumed for some private pur- 
poses, which has been observed by French engineers. 

A bath requires on the average . 75 gallons. 

A horse requires per day 16"5 ,, 

A two-wheel private carriage per day 8*8 ,, 

A four-wheel ,, ,, ,, 16"5 ,, 

Each individual per day 4*4 ,, 

Every yard superficial of garden ground per day . . 0*33 ,, 

Every yard superficial of railway, per service . . . 0*22 ,, 

The quantity allowed for human consumption is small in comparison with our 
English notions ; but it would appear that in reality our town x>opulation, even in the 
driest summers, does not consume more than about 8 gallons per head per day of 
24 hours. 

•yttems In our own country, until within a few years, the greater number of towns were 
supplied with water at low pressure, and at stated intervals, excepting when local 

Tice. circumstances allowed a constant distribution by gravitation. In these cases the 
water was brought into the houses by lead pipes, branching upon the mains in the 
street, and leading the water into cisterns, where it was stored until used, or from 
which it WAS raised by force-pumps to any greater altitude the householder might 
require. Improved domestic habits have rendered it so necessary to command a supply 

nrvlce. even in the highest parts of the houses, that it is found now to be more economical to 
obtain it by a general system, by which the water arrives under sufficient pressure to 
insure its delivery at such points. The extra height to which the water is thus 
carried being usually overcome by steam-power, necessarily gives rise to an increased 
outlay, and thence the distinction and the difference of charge for a supply upon what 
are technically called the high or low service. In London the low service is usually 
understood to mean that the water is delivered at heights varying from 6 to 9 feet 
above the roadway ; the high service is usually comprehended within a height of 
30 feet above the same level, and includes every delivery above the 6 or 9 feet of the 
particular district. 

it At Nottingham and in some other towns a system has lately been introduced, under 

which the mains and service pipes are kept always full, and water can be drawn in 
any quantity : the latter can discharge at all times of the day or nighty — this is called 
^he constant system^ and it la principally to that able engineer, Mr. Hawksley, that 
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tke pnblie is indebted lor Uie amdiormtioii it prodnocs. It viU mi cmet be p c i e ri f ed 
thai with such a distributioii there can be no oecMua lor mtfTM, aad thai tke valer 
wiU, with a few precantiouBt be kept in a state of pvzitj which it is iaafwiblfi to 
attain when stored in those leoeplsdes. 

For the intermittent supply, the formalc aad tke ofaservatijans already p^cn or 
Bade^ with refsrenoe to the oontinoital manner of distxibwtiaig watar, will apply ; I? 
under it the only real qnestioa to be solred is» bow to sapply a fhren distaiet by 
of pipes, deliTering water at stated periods, by serriees flowing at 
psriods ! On the eonstant supply, kowttvr, the qmaHiom. k bmr 
to the intpilarify of the coKuptkn. This b stated by Mr. Xaitca ( ' Seport ef the 
Boaid of Health on Water Sopply/ Appendix 2, pc 67) to wy ai 






Ttae. 




f 


sr«MUc« of sras 


'^SSSiSSS 


K 


I Betv^en 6 ; 


&2:k] 


I 7 . 


I.M. 


S-7S5 


2«-77 






« 


>» 


$ 


» 

>> 


5-^'d 


1»-19 






5 




9 


ft 


6152 


1«14 




t 


9 




10 


• • 


6*45:S 


15 -« 






10 




11 


j> 


7^76 


141S 






11 




12 


•» f 


7-7^ 


12-5S 






li 




1 


r.«. ; 


5^>;5 


l«-«s? 




1 


1 




^ 


» ' 


5^46 


l«■^3 




9% 


o 




i 


% , 


6-5^55 


15^ 




t " 


i 




4 


• 


7 552 


If rs 






4 




5 


^ ^ 


5^\9 


1*-If 






5 




e 


«• 


6r»«> 


Zi^> 






« 




r 


>t 


S^«j5 


27 13 






• 




s 


*^ 


S^^Ii 


sov,> 






$ 


p* 


* 


»• 


Sx4j 


«^I 






» 


•» 


e 


A.X. 


14-151 


«S-2»> 





Sif thai t^ piBUeA ^^3lsc3LT 
3 afti 4 r JL 

Mr- H^w^sucy ^ 4^ v:L i^ ' Frsc Si!c«.'n i£ Cn 



£;«an v: sake ;£aae l «-*em II Uki 12 



m. ^^xse of Laz^c Ttwis ") 

vti VtttpA re Oie aaca 3i a 



aCN«« ix&: j£3<nasf- :^ tX r^rls^ S3i£ xekob ti eick vta r. 



l«Mu^ ^ w >«e i^'ftarytc iz. I'or ^mxrv Xlxi^rat^ 4 ixs izr isis \am ti he%£ ix 

f««ey ^>^ Tir*Ai«. ^ salnijiAB lari ^aauser ty ttt iieaiBa ^fz \*/ !-:-^:^2& whidk 

.kj- ' \ a 

^ = UK £»knd«er aroipfi . 

i ~ ^ ^-ttilfi,^ 3. pJuBS %{ )tf ^iCSiE^ttL Jiff ^iZtCL. 



B^ «^ jianmv v 



-4/ £* 






tkf 



; 'rf^ 



^Th* xtiz5Csatt a»U:'«?jf;3 «^5Qflix« ± 2? iJr v 
4<r^'ti«maN jou: it. <xii«u«ta^ it wtiau£ jl ibu^ swwf 3w ^tiiB^anv s 

a ficnsa «iMa^ i^Mki^jk wpt imvmktt »KBiaia&n» Aumir )w silttw«i: 





. WATER-WHEELS. 767 

be attached to either of the determining motiyes forms one of the most delicate 
branches of the professional duties of an engineer. 

If, however, ve state the theoretical conditions to be fulfilled by a town supply, on 
the supposition that nothing has hitherto been performed towards its execution, it will 
be easy to ascertain the modifications adTisable under any given circumstances. 

The purest water ought to be conducted to a small service reservoir, covered, and 
at a height sufficient to discharge the water at any part of the town. The house 
delivery ought to be e£fected in such a manner that water should be able to be drawn 
at any time and at any reasonable elevation. To prevent danger from fire it is 
advisable to arrange the distribution so that the water may be discharged over the 
roo£i of the houses by means of hose screwed upon the mains in the streets. For this 
purpose, fire-plugs should be placed alternately on either side of the streets, at about 
every 100 yards apart, and as the hose is generally made 2^ inches diameter, it would 
be preferable not to lay down mains of less than the same dimension, in positions 
where fire-plugs are likely to be attached to them. In laying mains they should be 
kept at a greater depth in wide open streets than in narrow courts, and on the average 
about 4 feet from the surface. The quantity to be calculated for any given population 
may usually be reckoned at 20 gallons per head per day, which will include all ordinary 
trade consumption they may require. 

The reader is referred for further information to Glanders * Formules k T Usage des 
Ing6nieurs,* — Morin's * Aide-M6moire de M^canique Pratique,' — D* Aubuisson's * Trait6 
d*Hydraulique,* — Girard's 'Description, &c. de la Distribution des Eaux de TOurc,' — 
G^nieys, * Essai sur les Moyens de conduire, d'6Iever, et de distribuer les Eaux,* — 
Matthews' *Hjdraulia,' — The several Parliamentary Reports upon the Health of 
Towns and the Supply of Water, — Mr. Wicksteed's Account of the East London 
Water- Works, and several detached Papers on Water Supply, — Mr. Homersham's 
Reports, — Mr. Beardmore's Tables,— Mr. Peacocke's Researches in Hydraulics, — 
Neville on Hydraulics, — Downing's Practical Hydraulics, — Rules and Formulae of the 
Madras Irrigation Department, — Dupuit, * Traits de la Conduite des Eaux,' — Darcy, 
* Les Fontaines publiques de Dijon.' 



WATER-WHEELS.* — Water, in movement, is able to communicate power by 
its action upon a body ofifering resistance to its motion in the direction it is naturally 
inclined to follow ; or it is able to act in a negative manner, by destroyiug or 
diminishing the velocity which any body moving in it may possess. In practical 
mechanics, water acts in various manners upon engines communicating in their turn 
movement to other descriptions of machinery immediately in contact with the raw 
materials to be acted upon. Our present object is the consideration of the latter 
class of action. 

In all investigations with respect to hydraulic machinery, there are three branches 
to be considered ; vis. 1. The force of the current producing motion, or the weight of 
the water P flowing per second, and H the total fall, which is represented by P H ; 
2. The power of the machine, or the portion of the current K, acting with a velocity 
V upon that portion of the machinery it strikes : this is represented by K r, and is 
the dynamical eflfect produced, whose expression iapv; p being a weight equivalent 
to the sum of the resistances to movement reduced to what they would be if they 
struck the wheel at the same point with K, but in an opposite direction ; 3. The 
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vsefiil power of the machine, or // « ; y beiog p minus the ram of the pMnte 
resistances to be OTercome. 

'These forces are nsually expressed in nnita of work whose measure connsts in a 
certain weight lifted to a certain height in a definite period. As the usefiil effect of 
horse-power is most generally known, it has been adopted as the measure ; and by 
almost UDivenal consent it is assumed to be such that one horse can raise 83,000 lbs. 
one foot in height per minute. The term 'one hoise-power' must, therefore, be 
considered to be the expression of such an effort. 

Hydraulic machinery may be of two descriptions : the first consisting of such 
engines as possess a mo?ement of rotation ; the second, of such as haye an altemati?e 
moYemeut. Water- wheels, including turbines and reaction wheels of all kinds, 
are comprised in the first ; the water-pressure-engines, and the hydraulic ram, 
are included in the second : these last have been already alluded to in the article 
upon ' Water Meadows.* 

Water-wheels are sabdividcd into those with floats or blades, and those with 
buckets. The first are again subdivided into classes, some of which hare the floats 
straight, others curved ; or which move in breasts, races, or water-troughs, either 
rectilinear or curved. In the second class are comprised the bucket-wheels receiving 
water upon the summit, or at a lower point In addition to these are the horizontal 
wheels, which are either set in motion by an isolated vein, or placed in a cylinder, or, 
as in the case of the turbines, they are placed externally to a cylinder conducting the 
water. The several descriptions of water-wheels may be briefly stated as follows : 

1. Vertical Wheels with floats straight, and working in a straight mill-race. 

2. ,, ,, in close circular race. 

3. ,, ,, in unlimited water. 

4. ,, ,, curved, called Poncelet's wheels, 

5. ,, overshot, with buckets. 

6. Horizontal Wheels, struck by an isolated veiu. 

7. ,, working in a cylinder. 

8. ,, Fourneyron's turbines. 

9. „ with partitions. 
10, ,, reaction wheels. 

And in addition, we may perhaps place in a separate class the two descriptions of 
breast wheels known as the high and the low breast wheel, receiving the motive 
power at points intermediate between the summit and the horizontal line passing 
through the axle ; also of late, a description of wheel called the back-shot, in which 
the water is canied beyond the summit, and returns to strike the wheel a little below 
that point on the descending side. 

The parts of water-wheels and machinery which may require to be defined are as 
follows. The fort hay is the channel leading the water upon the wheel ; it generally 
has a batch or sluice, by which the weight of the water is regulated ; the race is the 
part of the channel immediately under the working part of the wheel ; the tail hay is 
that part by which the water escapes after it has exercised its effect. The wheel 
consists oivk shaft, upon which are fastened the arms, bearing in their turn Mie peri- 
phery of the wheel. Sometimes this is close boarded or soled, at others it is left open 
at intervals to allow of the ventilation of the buckets. The sides of the buckets which 
serve to keep the water upon the wheel are called the shrouds. Motion is communi- 
cated to the working parts of the machinery by gearing on the segments of the 
wheel, or by flrst-motion or bevelled wheels, called pit wheels^ upon the axle itself. 
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1. Vertical W/iteU nilk ttraigM Float* aorVrng i» a ttrau/hl MiU-Raet. 

This dcsonptioD of vbeel wu formerlj' ttg mast freqcmtl; employedi but at 
present it is onlf used wLen the fsU is inaigatficaot and does not exceed 5 feet. The 
water ia bronglit under the vheel from the fore ba; by a trough, whoee udei almoHt 
tODch the floats, and leare merely a sufficient interral to alUxr of the moiemeut of the 
wheel. Opon tho troogh a hatch . 

is filed to rsgalsto tho quantity „ V .V' \\_Jj , 

of water to be admitted. "^J^^S^'Tf"^ 

In leaving the hatch the fluid "^^s^^K; 
nin becomes contracted, it then ■'-Au 
sxtenda and reaches the sides of ^-^ 
the race. If therefo™, at tlie 
sectiop of the greatest contraction 
it should poeaeu the velocity due 

the head of water in the fore 
bay, a considerable portion will 

be lost ; firstly, on account of the dilatation, and secondly, on account of the friction 
in the race, before it can reach the floats. It the race be long, tLis lom may be such 
that the water will only retain Jthg of its initial velocity when it reaches the floata. 

In undershot wheels of the description we arc considering at present, (he water acts 
entirely by its shock, and it is therefore necwaary that T, or the velocity of the cur- 
rent, should be as great as posslhle. Its diminution, and the 
consequent loss of power, may be prevented by placing the hatch 
as near the nhccl as it can conveniently be placed, and by 
forming the channel so as to reduce the contraction to a 
minimum. The sides and bottom above the opening are, for 
this purpoM, to be made in continnation with those of the miil- 
nee, and its head in the fore bay is to be opened out as in the 
accompanying sketch, repn^enting the horizontal section. 
Poncelet recommends also that the hatches should be inclined ; 
fhr he found that with an inclination of 63° to the horizon, the 
coefficient ot contraction was 0-75, wilhan indiuntion of45° it 
was 0'80, whilst a vertical batch under similar circnmstaiices 
gave a coefBoIent of 70. 

Immediately beyond the hatch the race posses under the wheel with a slight incli- 
nation, and it thence flows on in a straight line. The widtli is determined by the 
quantity of water to be discharged ; the depth of the water, supposing the wheel to be 
removed, should never exceed ID inches or fall short of 6 inches. When it is less 
than the Utter dimension, the i^uantity of water escaping between the Boor of the race 
and the outer edge of the wheel becomes proportionally too great, and the force of 
the current becomes coneiderably diminished. To reduce this loss to a minimnm, it 
is advisable to leave only a space of about } or J of an inch between the wheel and 
tbe race-floor. 

The most carefully constructed undershot wheels at the present day, however, are 
no longer constructed with perfectly straight lacel. An inclination is given from the 
latch to tbe level of the tower edge of the second float on the upside of the vertical 
diameter, of about ^th or /.(h ; the bottom then curves conceutricsJly to (be wheel 
until it arrives at the vertical line passing through its centre ; it then &lls suddenly 
•boat 4 inches at least, and afterwards runs away with a* grea( an Inclination as tha 
}oeaUt7 will admit. The width, immediately before itrikiog the floats, is Mmewhit 
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smaller than that of the latter ; it augments gradually, and at the vertical diameter is 
wide enongk to endose it : in this manner the water strikes the wheel with its whole 
mass without any loss by the way, and the lowering of the bottom iaeilitat«B the 
escape of the water after it has exercised all its effect. 

It has been seen above that the width of the floats is fixed by the width of the raoe: 
their height or dimoision measured upon any radius of the wheel must be such that 
the heaping up of the water against the first float it strikes should take place under 
such conditions as not to lose any of the power. This is effected by making the floats 
about three times the height of the water in the race, provided they do not exceed 
from 2 feet to 2 feet 2 inches. The distance from one float to another measured on 
the exterior circumference of the wheel should be a little less than their height. 
Their number will then depend upon the diameter of the wheel, and this may be con- 
sidered to be arbitrary. 

In fact, the dynamical effect of the wheel is only in proportion to the velodty of 

the floats ; it has a necessary connection with the latter alone, and is independent of 

the diameter. When therefore it is required to fix the diameter, it is determined by 

the number of revolutions it may be deemed advisable to make the wheel perform in 

a certain time, in order to transmit the power to the machinery, producing the useful 

action with the greatest simplicity, and the intervention of the smallest number of 

intermediate motions. It is also desirable that the wheel should act as a fly-wheel 

so as to insure an equable movement. Take u the velocity of the extremity of the 

floats, N the number of revolutions required in a minute, the diameter will be 

60 It u 

•, or 19*lTr. 



In the most favourable conditions u = 1*7 VH (H « the total 

Practically, however, it varies 



Diameter. 


Floats. 


ft. in- 
13 4 


28 


16 6 


32 


19 8 


36 


22 10 


40 


26 3 


44 



82 — 

fall), consequently the diameter will be -jT VH. 

from about 13 to 26 feet. 

According to the diameter adopted, the wheel will 
have the number of floats indicated in the Table 
annexed. The numbers are all multiples of four, 
because millwrights are accustomed to place a definite 
number of floats in each of the quadrants of a wheel. 
There would be no inconvenience in augmenting 
any of the numbers given in the Table by four. 

According to Bclanger, there would appear to be 
a theoretical advantage in making the blades, what- 
ever be their velocity, dip so that the extent to 
which they are cowered by the water should be 
equal to the depth of the fluid vein, or even a little in excess of that depth if the 
velodty be very great. It has been found practically that this advantage does exist 
when the floats are immersed to |rds or ^hs of the thickness of the fluid vein ; and 
it has also been ascertained that there is no loss when the blades are immersed to a 
depth equal to the whole thickness. It follows from this Uiat the bottom of the 
race should be kept below the level of the water at the back of the wheeL 

Some engineers, Deparcieux amongst others, believed that by inclining the floats 
at an angle of from 20** to 22** to the radii, in the direction of the incoming water, the 
useful effect of the wheels would be increased. But it would appear from BoesuVs 
experiments, that so fiir is this from being the case with undershot wheels, that floats 
inclined at angles of 0% 8', 12% and 16*, gave results which were respectivdy as 1 ; 
0*998 ; 0*956 ; and 0*949. No exx)eriments are upon record where thepredae indina- 
tloii reeommended by Wpardeux was tried ; but from those recorded by Boesat, it 
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would seem that the incUnatioii of the floats, so far from being advantageoui, was 
poaitiyelj prejudicial. 

In a perfectly straight race in which the wheel might dip in the water in the tail 
bay, a condition which does not exist in the most modem mills, it is true that the 
inclination of the floats would be advantageous, insomuch that they would not be 
likely to lift and carry with them a certain quantity of water, which would act in the 
opposite direction to the movement of the wheel, and thus diminish its efiect. This 
inoonyenience may also be obviated by the adoption of a system frequently employed 
in wheels erected upon small branches of rivers, or in positions where the fall is but 
trifling ; it consists in forming the floats of separate parts inclined a little to the radius, 
but always at a greater angle in proportion as they approach the extremity of the 
wheel, somewhat in a cycloidal form. 

Rims have been added to the floats by some engineers, for the purpose of increasing 
the dynamical eflect. But it has been observed that their action is insignificant so 
long as the floats receiving the shock are confined within a race, for the race itself 
produces precisely the efiect desired. The increased effect in other cases is much 
more likely to be obtained by endoaing the floats within circular plates or shrouds. 
In narrow wheels, cast-iron floats slightly cylindrical, the axis of the cylinder being 
in the direction of the radii, produce the same effects as the rims. 

It is found theoretically, that a current of water acting by its shock upon a wheel 
with floats is only able to produce a useful action equal to half of the greatest effect 
it is capable of producing ; or, calling the weight of the water supplied per second P, 
and the total fall H, the theoretical efiect would be | F H. This result is far from 
being obtained in practice, for Smeaton's experiments appear to shew, that instead of 
being ^ P H, it is J F H, or at the maximum ^ P H. 

The useful effect of this description of wheel is very small ; but as it is independent 
of the diameter, and this may be made to vary within the range of from 7 to 28 feet, 
without occasioning any loss of power, and as the velocity may be altered within a 
considerable range, these wheels are advantageous when great direct velocity of 
rotation is required, or the velocity of the wheel may be exposed to variations. 

2. Vertical Float Wheels working in a close Breast, 

It has been shewn that the useful effect of an undershot wheel is increased 
by making the breast concentric to its exterior circumference. The advantage thus 
gained is proportionate to the arc of the wheel so enclosed ; at the present day, there- 
fore, the latter is made as large as the disposable fall will allow, and is usually from 
{rds to fths of its total height The circular part of the bi*east requires to be executed 
with great care, so that its surface should offer the least resistance possible on account 
of the friction, and its axis must be exactly the same with that of the wheel. 

A apace of about ( an inch is left between 
the circumference of the wheel and the sur- 
fiice of the breast, to allow a little play to the 
floats. The width of the breast is made so 
as to allow the stream of water to flow with 
a depth varying between the maximum of 8 
and the minimum of 6 inches. The diameter 
of the wheel and the number of floats will 
be ascertained by the rules given in the last 
section ; the height of the floats should be 
three times the depth of the water upon the 
breast. They are Bometimes inclined to the direction of the radius. 
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It is important that the sluice he plaeed so that the water may strike the lint float 
in a direction nearly perpendicolar to its hot ; it vonld eren be preferahle if it eoold 
he made to £U1 orer the sloice immediatelj aboTe the enrred portioa of the breast. 

The causes of loss of power from the real dynamical effort exercised vpoo these 
wheels are, firstly, the water rarely strikes the Uades peipoidieiilarly ; seeoodly, a 
portion escapes between the whed and the breast without exercising any iaflvenee; 
thirdly, the portion of the iHieel immened in the water loses a wei^t concspoBding 
with the quantity of water it displaces. From these combined causes the useful 
effect of undershot wheels of the description we are considering has nerer been 
obserred to exceed 0772 P H ; usually it is eoosidered to be about from 0*60 FH to 
0«5PH. 

8. Vertical Float Wheels in wUimiled Water, or Wheels working upon Boats 

on Rivers. 

This description of wheel b principally employed upon boats moored in the current 
of Uige riven on the Continent, and it has occssionaDy been employed to commn- 
nicsfce motion to a series of stampen acting upon the rocks in the middle of the r^iids 
of the American riren. It is erident that it can only be applied in wata--counes 
where it would be impossible to establish any narigation, or in the smaller or wxat 
unserviceable branches of large streams. In almost all cases the natural Telocity of 
the stream alone acts upon the wheel, without being in any way confined or direeted 
by a race or channel of any description : it is to such wheels that these obserrations 
are confined. 

The diameter of these wheels rarely exceeds from 13 to 17 feet ; the blades or 
floats are usxudly 12 in number, but it is sometimes considered to be more adTsn- 
tageous to increase the number to 18 or to 24. Fabre, who paid particular attention 
to this description of wheels, states that the height of the floats should not exceed 
0*28 of the radius of the wheel, messured to the centre of percussion, so that it would 
only be about 0'25 of the entire radios ; very frequently it is made only '20 of the 
radios. He made the whole of his floats immerge, a system which would answer 
in deep rivers, where, from some peculiar circumstances, the greatest velocity of the 
current might be below the surface. Otherwise, and in the greater number of instances, 
the effect of these wheels is the greatest when a portion of the floats (in the Teriical 
position of the wheel) rises above the floating line. The width of the wheels varies 
from 8 feet to 17 feet 6 inches. 

Deparcieux made some experiments, subsequently confirmed to a conaderable extent 
by Bossut, which warrant the assertion that when the floats were inclined at an angle 
of 30** to the radius touching their inner edge, their action was augmented. 
D'Aubuisson expresses the opinion, that if the floats were formed as for some under- 
shot wheels, of separate parts, inclined a little to the radius, but always at a greater 
angle in proportion as they approach the extremity of the wheel, and if they were 
close shrouded, their effective action would be increased. Navier recommends that 
the floats should be inclined at an angle of 30* when the wheel dips from Jth to |th of 
its radius ; and at an angle of 15* when it dips Jrd, the maximum of immersion. In 
all cases the inclination to be towards the upside of the stream. 

On some rivers, such £s the Rhone, the wheels dip as much as 1 foot 8 inches bdow 
the surface ; but it is usual in practice only to make them descend about 1 foot 
2 inches below that line. 

The theoretical effect of these mills is ascertained by the formula Fip = 20 S V*, in 
which 

F» s the effiBCtiTV power which the working shaft is able to tiaaimit ; 
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' S =» the sectional area of the part of the float situated upon the vertical radius of 
the wheel, measured in the direction of that radius ; 
V = the Telocity of the current at the point where the wheel is situated ; it may he 
considered to be the mean velocity of the water striking the floats. 

4. Vertical Undershot Float WkeeUf working with curved Floats, Poncelefs 

Wheels. 

Although undershot wheels with straight floats do not yield more than a fourth or 
a fifth of the motive power acting upon them, they x>08se8s certain advantages which 
induce engineers to adopt them in many cases : their construction, when properly 
performed, is economical, and they can receive a considerable velocity without any 
appreciable loss of power. M. Foncelet has succeeded in retaining these advantages, 
and simultaneously in avoiding much of the diminution of effect^ by substituting 
curved floats for the ordinary straight ones. 

From a series of experiments performed by that eminent philosopher, it would 
appear that the speed of a wheel provided with curved floats yielding the greatest 
effect should be about 0*55 of the velocity of the current ; it may vary from 0*50 to 
0*60without any appreciable difference. The dynamical effect is not less than '75 
P h for small falls with great openings of the sluices, or than 0*65 for great falls with 
small openings ; h in this case representing the head of water producing the velocity. 
Comx>ared with the motive power FH, the dynamical effect will be 0*60, and may 
under some circumstances descend to 0*50 of F H. We have seen that with straight 
floats these numerical coefficients do not exceed 0*32 and 0*25 respectively, so that 
the curvature of the floats doubles the effective powers of the wheeL 

M. Foncelet gives a series of rules for the construction of these wheels, from which 
the following remarks with respect to the formation of the characteristic part, the 
curved floats, are extracted. 

The number of floats should be double that already indicated for undershot wheels 
with straight floats. 

Their height in the direction of the radius, or the distance from the exterior to the 
interior circumference of the wheel, should be at least ^th of the effective fall ; 
it is made |rd when the fall is about 5 feet effective, and ^ when it is even less. 

The lower element of the curva- 
ture of the floats, which forms an 
angle infinitesimally small with the 
external circumference when the 
stream communicating motion is very 
shallow, will form one of 24' or 30° 
when it increases in depth, and will, 
in fact, augment in proportion to the 
depth of the stream. The curvature 
of the blades is ascertained by the 
following simple construction. From 
the point a, where the stream a b meets the exterior circumference, raise the per- 
pendicular Ait, and from the point c, where it strikes the inner circumference 
with the radius c A, describe the arc a b, which will give the form of the floats. 
They may be executed either of small boards, set like the staves of a cask, or of 
wrought iron. 

A little beyond the vertical diameter of the wheel, the floor of the race is lowered 
abruptly, so that the water shall not meet with any obstacle to its escaping from the 
floats. 
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Vertical Oienhot WhttU, tiUh Bitduti. 



In these wheels the water is carried otct the top af the Tertical dumeter, and 
escapes ia bdcIi » nuuiner ni to strike the buckets upon the aide towards the lotrn 
part ol the stream. It acts, thetefore, slightljr b; its aback, but priocipallf bj its 
dead weight. Such wheels conust of a borixontal ude, — of thaanns with their 
(Iruts, ^f the rim with its sole, shrouds, aad buckets. 




nie axle ma; be either of wood or of iron. If of wood, it ehonld be of oak, or of 
a wood at lesat of a degree of hardness equal thereto. Its length will depend, of 
course, upon the diameter oF the wheel, and its dimenuon ia made to Tar; fnma 
1 foot 8 incbes to S feet 4 inches square. Timber of soch dimsnnons ia becoming 
mors and more rare, and east iran is now almost nuiTeisallj labsldtated far it, ex- 
cepting ander peonliar local drcDmstances. The arms, when the wheel is oonstnieted 
of wood, are not framed into the aile, but the; are pnt togetber in pun, and t^e two 
paira meeting in the centre leaTe a sqnare spaoe adapted to receiTe the aile upon 
which Ihcj are fixed b; means of kej's and nedges ; the iDtermediale parts of the r^m 
are BUpported b; braces when the wheel ia exposed to sndden shocks or is of con- 
Btdetsblc dimensions. In modem wheels, ercn of wood, the anus are made to Gt 
into n cast-iron nave hejed upon the axle, and the; are then arranged like lbs 
spokes of a wheel. 

Id wooden wheels the rim nsuall; serves to act as ehrond« to the bnckets, and is 
made in the best wheels from 10 to 12 inches in width. Bren for thne intended to 
receive a large Tolnme of water, the depth thoa aSorded (or the bocfcela need not 
exceed 12 inebea ; for it is preferable to increase the width of the wheel rather than 
to augment the deptb. The sole of the bnckets is formed bj nailing planks to ths 
nodcr-side of the BhroudB, and a proTigion is commoDl; made to insure the leutilktioB 
of the bnokcta by a series of holes bored into the sole in the upper part. 

The backets are formed in Tarioas manners, the simpleat of wliich is the following ; 
An arc of the circle described by the radios of the exterior circnmferenoe a a, and a 
aimilar arc, B s, described by the radios of the inner circnmferenoe, are drawn, which 
girc the depth of the bucket ptaa the thicknesB of the sole. Through o, a point npon 
A ^ Jrd of the distance between a and B, a third circle o n i is drawn ; a* the oeatre 
«( giBTlty of the water contained in ths bnoketi is habitnallT upon it, or Tor; nor to 
I^ tte ndiu of this circle is called the dynamic radius of the wheeL The distaiise 
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Diameter. 


Buckets. 


ft In. 
10 


24 


13 4 


36 


16 6 


44 


19 8 


56 


26 3 


76 


32 10 


96 


89 6 


108 



between the backeta measured npon this circle is usually about 13 inobefl ; but as 

millwrights divide the wheel into quarters, and place a definite number of buckets in 

each quarter, the above distance may vary according 

to the Mze of the wheel The number of buckets 

consequently wilLnot be proportional to the diameters, 

but it will be as indicated by the accompanying 

Table. The diameter indicated by the first oolunm is 

that of the exterior circumference ; it is, correctly 

speaking, the real diameter of the wheel, and is to 

be understood as being meant when the sign b is 

used in the following description. 

When the circumference of the dynamic radius 
shall have been divided into the number of spaces 
corresponding with the intended number of the 
buckets, lines are drawn from the points o, d, i, ke, 
to the centre, and they will settle the xx>sition of 
the smaller part of the bucket. The larger part is fixed upon the principle, that 
firstly, the angle H bo, formed by the two parts, should be as small as possible, in 
order to retain the water for a longer period ; but at the same time it is necessary to 
obsarre that it must be sufficiently large to leare a space n b able to reoeire all the 
water without difficulty, and in such a manner as not to cause any of it to rebound 
after having struck the wheel. It is therefore necessary that b b should be deeper 
than the thickness of the fiuid vein ; by widening the hatch and the buckets, it is 
true that the latter thickness may be made of any dimension ; but it is found that 
D b ought not to be less than from 4 J to 5 inches. The angle h b o will then vary 
from 110* to 118°, according to the diameter of the wheel, when it ranges between 
18 feet 4 inches to 39 feet 6 inches ; so that the inclination of the wider part of the 
bucket will form an angle of about 81^ to the tangent at its point of contact 
with the outer circumference : it should never exceed 33°. In practice it will 
be found sufficient to make the outer edge of the succeeding bucket terminate at the 
prolongation of the radius passing on the inner side of the smaller bucket preceding it. 

In some cases the bucket is divided upon a line equidistant from l and i, or i k 
n i L P ; L being ascertained by the prolongation of the outer face of the first por- 
tion of the preceding bucket o b h. Occasionally the planks of which the buckets 
are formed are placed as in p o n m, but the repairs of such wheels are more difficult 
and expensive than where a simpler form is used. When, however, the buckets 
are made of wrought iron, the form indicated by BS is unquestionably the most 
advantageous, as it retains the water to the lowest point of the revolution of the 
wheel. 

The water is carried over the top of the wheel at a trifling distance from it, and 
made to strike the second or third bucket beyond the summit, at a distance of about 
1 foot 8 inches to 2 feet beyond the vertical line passing through its centre. The 
stream at the point where it leaves the channel should be somewhat narrower than the 
wheel, and be so directed that it impinge upon the bucket as directly and perpendi- 
cularly as possible. 

The length of the buckets, or the distance between the shrouds, measured upon 
the face of the wheel, will be determined by the volume of water it ought to deliver. 
If we take Q to represent the volume delivered by the channel in 1", d the distance 
from one bucket to the other upon the external circumference, and v the velocity of 



any point in that drcomferenee^ it a evident that a number of buckets equal to j 
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will pass Defore the hatch in a second, and that consequently each of them would 

Qd 
take a quantity of water = — . It is necessary that the bucket should not only be 

able to contain this quantity, but also it is found advisable io make it of three times 
the capacity necessary to do so, or the water would have a tendency to escape too 
rapidly. U I = the length of the bucket, and S = the sectional area of the fluid 
mass it can contain at the moment of its passing before the sluice, S I will be its 

Qd Q 

capacity, and it is necessary that Sl= 3-— = ISO^-tv ; M being the number of 

buckets on the wheel, and N the number of revolutions it makes in a minute, since 

d = ^. and v = J^ * Thus I = 180 — ^, which must be its dimensions in 

M 60 MNS 

the clear. 

The theoretical effect of a stream delivering a quantity of water P in 1" Mling 
from a height H = P H ; but there are several causes which in reality diminish this 
value. A certain quantity of the power is lost between the discharge of the water 
from the sluice and its striking the wheel ; and another portion is lost by reason of 
the obliquity of its action upon the first bucket it strikes. It is therefore important 
to keep the bottom of the reservoir as close as possible to the top of the wheel. 

A second cause of loss of power arises from the form of the buckets, which allow 
the water to escape before it reaches the level of the tail bay. Great attention then 
should be paid to their construction, to insure their retauiing the water to the lowest 
I>ossible point of their revolution. 

The centrifugal force of the water upon the loaded side of the wheel will give rise 
to a loss of power varying with the velocity at M'hich it revolves. For a wheel of 
about 14 feet diameter, with a velocity of about 9 feet 9 inches at the periphery, this 
cause of loss is not imx)ortant, bat in small overshot wheels, such as are found in 
mining districts, with a diameter of 8 feet, and a velocity at the periphery of 15 feet 
per second, it is sufficiently great to require serious attention. 

We may therefore resume the rules affecting the working conditions of an overshot 
wheel, as follows. 1. The loss of power will be reduced in proportion to the correct 
disposition of the sluice or the channel. 2. It will be smallest when the diameter of 
the wheel is as nearly as possible equal to the height of the fall. 3. When Uie 
diameter thus approaches to the height of the fall, the loss of power will be the 
smallest in such cases as admit of the wheels revolving at half the velocity of the fluid 
striking the buckets. 4. The effective power of the wheel will be regulated by the 
length of time the buckets are able to retain the water. 

A well-consti-ucted overehot wheel working with small velocity will yield sometimes 
as much as 0*80 PH, but under the usual conditions of construction, and with a 
velocity of from 3 feet 6 inches to 7 feet per second, and the buckets only half-fiUed, 
the usual effect is comprised within 0'70 and 0*75 PH. If the velocity exceed that 
stated above, as is frequently the case with wheels driving the shingling, or puddling, 
hammers of iron-works, which have buckets usually designed to be filled to {rds of 
their capacity, the effect will often not exceed 0* 60 P H, or even occasionally -37 P H. 
This is to be accounted for by the fact that the water striking the buckets with great 
force rebounds without producing much effect. In such cases it is particularly 
advisable to enclose the wheel. 

A. Breast-Wheels, 

In overshot wheels, as already seen, the water is carried over the summit and 
poured into the second or third bucket beyond the vertical line passing through the 
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centre. The lower part of the wheel then must revolve in a direction opposite to that 
of the stream in the tail bay, bo that if by any accident the back water is penned up, 
the wheel may be exposed to a retarding force, sometimes of considerable importance. 
In order to avoid this loss of power the water is poured upon the back of the wheel ; its 
lower portion then revolving in the same direction as the current of the tail bay, it 
may be immersed to a depth of about 1 foot without its being seriously retarded. 
The wheel may under such circumstances be lowered to the extent named, and the 
effective height of the fall proportionally increased. 

Wheels receiving the water on the back of the wheels are called high, or low, breast- 
wheels, according to whether they receive the water above or below the horizontal 
line passing through the centre. In addition to the advantage before cit^d, they 
possess another, viz, that inasmuch as they receive the water below their sumftiit, the 
latter may be, and usually is, kept above the level of the water in the reservoir. 
Under certain circumstances this advantage becomes very important, because a lai^er 
wheel retains more effectually the x)ower communicated to it than a smaller one 
would do. 

The water is usually brought upon breast-wheels, by a trough, at the end of which 
is a vane to regulate its admission to a series of guides serving to direct the water 
into the buckets. These guides are usually mado vertical, and the buckets are 
disposed in such a manner as to continue that direction when they pass in front of 
the openings. 

The loss of head arising from the form of the buckets, and the centrifugal force 
being proportional to the diameter, there will naturally be an advantage in making the 
latter nearly equal to the fall. It follows, that inasmuch as in breast- wheels the summit 
must not be below the level of the water in the reservoir, the dynamical effect will be 
the greatest when the water strikes the wheel at the smallest distance from the summit 
of the wheel. In the greater number of high breast-wheels this disftance, measured on 
the exterior circumference, may be 30*, or even less, for wheels of 20 feet and 
upwards ; in small wheels it is usually considered advisable to make it 40°. Many 
millwrights even make the water strike the wheel at an angle of about 52**, but 
evidently the water in such a case has no sooner entered the buckets than it is poured 
out again. The loaded arc of the wheel becomes proportionally so small that it 
would be far more advantageous to adopt a wheel of less diameter. Should the fall 
in f&ct not exceed 8 feet, it will be found most advantageous to adopt an undershot 
wheel working in a closed channel, which will carry the motive power of the water to 
the lowest point of the revolution. 

From the observations made by M. Morin, it would appear that under the most 
favourable conditions the dynamical effect of breast-wheels hardly exceeds 788 F H« 
<j(enerally speaking, it would not exceed 0*75 F H, and M. D*Aubuisson is of opinion 
that it should not be calculated to be in practice above 0*70 F H. 

B. The back-ehot wheel may be considered a species of overshot^ for it consists of a 
channel carrying the water over the top, and provided with a sluice so disposed as to 
cause it to revert and strike the wheel at the back. This arrangement involves a 
trifling loss of fall between the channel and the wheel ; but on the other hand it 
obviates the inconvenience alluded to as arising from the flooding of the tail bay, by 
causing the wheel to revolve in the direction of the current in the latter. 

Mr. W. Fairbaim has done more to improve the effective power of bucketed water- 
wheels than any other constructor of late years, by the introduction of what he calls 
ventilated buckets. As he observed in the Faper upon this subject presented to the 
Institution of Civil Engineers, ** close bucketed wheels labour under great difficulties 
when receiving the water through the same orifice at which the air escapes, and in 
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some wheels the forms and constTnction of the bnckets are such as almost entirely to 
prerent the entranoe of the water." The modificatioDS he introduced maj generallj 
be stated to hare been for the purpose of prerenting the condensation of the air, and 
for permitting its escape during the filling of the bucket with water, as also its 
re-admission during the discharge of the water into the lower mill-raoe. 

The sketches in the 
margin illustrate tbe mode 
of rentilation propoeed by 
Mr. Fairbaim for (a) high 
or (6) low breast-wheels, 
the former being usually 
close soled. It is also to 
be obeerred, that Mr. 
Furbaim attaches great 
importance to the eon- 
struction of the breast. 
He makes it fidl away 
suddenly at a short dis- 
tance on the near side of 
the line paning through 
the centre, in order to 
secure the rapid clearance 
of the buckets directly they shall arri?e 
at that point of the rerolution. 

6. Horizomtal WkeeU^ ttruek by em 
itolated Vein of Water. 

In the South of France a great number 
of mills exist, in which the wheel, in- 
stead of occupying a vertical position as 
it usually does in Northern Europe, is 
placed horizontally. From the £sct that 
this position dispenses with all complica- 
tion of movement in the transmission of 
the power, it is preferred in countries where skilled labour is expensiTe, and the 
execution of repairs difficult. In such mills the same shaft which carries the. wheel- 
communicating power at the bottom carries the mill-stones above ; it works upon a 
pivot let into a moveable seating able to be raised or lowered, to secure the proper 
intervals between the fixed or revolving stones. 

The old mills figured in Belidor^s * Architecture Hydraulique' consist of a vertical 
shaft, upon which are fixed a series of blades, mostly curvilinear, although of different 
forms in almost every instance. The water communicating motion is admitted to 
some of these wheels in an isolated vein by means of a pipe, in others they are placed 
in a cylinder open below, and the movement is produced by the escape of the water. 
At the latter end of the last century many rotary machines were propoeed, in which 
the water communicated motion by reaction, and the mathematicians of that time 
paid considerable attention to the investigation of the laws affecting them. Still 
more recently, or about 1825, M. Burdin introduced the class of horizontal wheels 
called * turbines' to public notice, and his pupil M. Foumeyron, together with Messrs. 
Zuppinger and Whitelaw, have considerably improved it. 

In the horiiontal miUs used in the Alps and the Pyrenees the wheels are usually 
aibovl ftel 6 inehei in diamelier, and only 8 inches deep ; the blades are about 18 in 
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Damber. The portion reoelviog the shock ii concave and of an inclmed CDTvilinmr 
form, BO umuiged that its iateraeotiona by a 101108 of plan«a feiiical, and perpen- 
dicular to the radius, farm cnrrCB ineraaaing as they rMede liom the centre. The 
upper element of these carrea ia TCitical, the loiret one is the moie incUnecl la 
proportion 09 the extremity ia approached, There the cnrratare ia nearly equal to a 
quadrant of a circle. 

Tiie natar is duected npon these irhoels with a bead of from 24 to 30 feet, or even 
more, and exerdBes its effect principally hy ita ehock, if not entirely. If the floats 
then nere normal to tho direction of the current upon their whole anrCtce, the 
eipreoian of the maximum of effect, E, would bo nearly E= i Vh', calling A' the 
height realty correaponding io the velocity vith whlcli the water atrikea the wheel. 
In practice the real effect is below that given, for not only la a portion of the water 
waated without etriking the wheel at any point, but alio the greater portion will not 
strike it vertically to the sarface of Ita blades. Giperimenta upon the usefal effect 
ef these mills have reduced the exprenion given above to J P H, hot it is not (uually 
Wiuudered safe t« adopt a higher proportion than OBO P H. 

7. Horizontal Whtdt aorJnn;/ in a Cylinder. 

The last-ail«I description of honiontal wheeb are principally employed when the 
stream is small in volume and the fall great ; but wlien these couditions are reversed, 
the wheel ia made to work in a cylinder of wood or of atone, open above and below. 
Theas wheels are, and have long been, very common on the banks of the Oaronne, the 
Tame, the Aveyron, and the Lot, in the Sonth of France. 

The wheels are nsually made abont 3 feet * inches diameter, and 10 inches deep ; 
the blades are nine in number, and 
formed as described fur wheels moving by 
tbe percnssion of an isolated vein. The 
eylinder i* made abont 7 feet S inches 
deep, and 3 feet i\ inches diameter , the 
wheel being placed quite at the bottom 
A channel serving to conduct thi water 
is formed in the whole vertical height of 
the cylinder above the top of tho wheel, 
it diminishes gradually to its point of dis 
•barge, where it is not more than I ] inches 
wide, and one of its faeea is tangential to 
the inner onrre of the cylinder Tbe 
water, after leaving the sluice at the 

•utranea of the channel, is directed with violcuce ngaimt tbe part of the cylinder 
immediately oppoute to itj following the new direction it tbence receives, it runs 
round the aides of the cylinder, acquires a oircalar motion, deacenda, and stnkea the 
wheel upon which it acta hj its impulsion and ita weight, commnnicalang to it tbe 
motion thus acquired. 

Tlie space left between the wheel and the sides of the cylinder is a canse of const 
derable loss of powsr, because the ccDtnfugal force of the descending correat canses 
tiie water tA adhere closely to the sides, nnd a great portion tlios escapes without 
prodninng any effect. In the most modern machines of this deseriptinn, the cylinder 
it made rather smaller than the wheel, which ii placed Immediately beneath it, go 
that nearly all the motive current falls npon the wheel ; but even in this case there is 
■ loM of velocity in the cnrrent, owing to the change of direction. 
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Morin giTea a rale td olcnkte tha number of rBTolntioiui % wlwel of UiU de««rip- 
tiaa Bhauld perform In a ucond. It is u follows : — 



„=..-yB,.., 






It = tbe nnniber of raTolutiona ; 
D = the diameter of the cjlinder in jardB »nd decimftU oE yirfe ; 
D* = Uie diameter of the vheel, in ditto ; 
E ^ the opening of the iluiee. 
Tho form of the curved blades ii to be ascertained ij tbe rnlei UBoallj applied to 
the otliei kinds of wheels oanstrncted wilb floats of that nature, obaerring thai, to 
inaiire that the niter shall exercise all its dynamical effect, it must enter and act apoa 
the wheel wiUioat shock, and leave it without vetodtj. From the difficult; attmding 
the atlainment of these conditiooB, it arises that, perfect as these horiiontal wheels 
are in theorj', Iheir real effect is rareljr more than } F H i and it is onlj ia the most 
perfectly eonstroeled modern ones that it rises to 0-25 P H. Morin, bowflver, states 
that in some instanoea it has attained 0'35 F H ; and he adds, ttiat the nm i m nm of 
effect is obtained when the vcloeitj of the mean sheet of water, v, at the point where 
It strikes tbe wheel, is O'ifiofV, tbe velocity at which it flaws into the cylinder. 

Small as ia the practical result attained, compared with the volume of water em- 
ployed, the simplicity and solidity of the mechanism of these wheels may frequently 
lender their adoption deurable, Thej possess another advantage, vis., the; are abU 
to work when tbey are fiooded to a eoDudeiable height, —in bat, so long as an appre- 
ciable differenoo exists between tbe fore and tbe tut bays. D'Aobuisson states Ibat 
in some rivBrs where the fill is small, not exceeding in man; cases from * to 5 foet, 
these wheels are placed from 1 foot 8 inches to 2 feet 4 inches below the aor&ee of 
tlie oriliou; waters in the river in the tail bay. 

8. Turbtnet of M. Feurneynm. 
The great waste of water which Ukes place in all boriionlal wheels rtmck b; an 
isobted vein, or working in a cylinder, led to numerous modifioations whoso saceesi 
did not promise much useful 
result, until H. Ponineyroi^ 
continuing the investigations 
of M. Burrlin, was led to dis- 
cover the principlea upon 
which turbines, or whirl - 
wheels, are eonatmeled. In- 
stead of placing the wheel 
aithiit, he places it ouUute 
tbe cylinder, round which it 
works like a ring, with only 
anScieot play lo insure the 
action of tbe macbineiy. The 
cylinder ia made with a series 
of orifices npon its circaat- 
ferenc(^ and the water is 
directed against the curved 
blades of the annnlar wheel by 
a series of directing parUtion^ 
sinking Ibem all at the aama 
are found to be equnll; fitted 




eatefnll; mode, they 
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for lot^ or ioutll falls ; the; weigh tot; llttlo in oompariBOD with tiie elTNt prodaoed, 
sod mre able to work u weU when nnder great depUia of wat«r u in their noimat 

Since thess wheels pecform as well under great as under email heads of water in 
the tail bay, the fint mle to be obserTCd la their coiutmction ia to place them b«lair 
the lenl of the lowest water, wUch will render the total foil available at all timei. 
They conaiat, like all otlier lioiiiontal wheels, of three parti ; Uie cylinder with Iti 
■apporti, — the turbine itself, properlj so called, or the annular wheel, — and tha 
sluice. The cylinder ia uaoally made of csst iiOD, and haa in the centre a water-tight 
paaaago for the vertjcal first-motion shaft : the 
partitions directing the water to the blades of 
the turbine are of wrought iron. The tarbine 
oooaista of two horiiontal cast-iron pUtei, main- 
tained at their respectire distances by the blades 
of wrought iron ; the lower plate is cast with a 
■eating to receive the vertical sbaft, which is 
keyed on to it, and works in a cap or socket 
able to be nuseil as required. The blades arc 
of a simple cnrre, the first element of which !s 
perpendicular to the inner eircumferance of the 
turbine, »nd the last forms an angle of IS* with 
the outer circumference. - The directing plates 
of the cjlinder are made deeper than the bhides of the turbine, and, for aboat 10 
inches of their length, are in a straight line forming an angle of 30° with the exterior 
surface ; tbe form of the remaining portion is not of importance. Ineide the cylinder 
worki the sluice, formed by a second cylinder working vertically, and opening thS 
passagei left in the side of the lai'ger one. Its motion is regulated by a rock and 
pinion : care must be token to round the lower edge of the sluice so as not to interfere 
with the discharge of the water. 

It is to be observed, that as the blades of turbines are composed of a series of ver- 
tical elements, the water in leaving them is only affected by the centrifugal force 
which produces the rotary movement. Neither the weight nor the shock of tbo 
sbMm is emplbyed ; and this may be said to be the only machine in which molioD i« 
obtained by the centrifugal force. 

K Foumeyron hos pnblished the rules to be observed in the eonatrnction of tur- 
bines ; but by his patent he has reserved to himself the right of constructing them so 
long as the patent may lost. The rules aro briefly as follows : 

The volume of water will be determined by the total fall, and as it is known thai a 
turbine will yield an effective power equal toO'TO of that applied to the machine, the 
quantity to be supplied per second will be <j= , The numeration of thess 

formnhe is of course based upon the metrical ajiitem of weights and measurta; but 
if we adopt the yard and its decimal subdivisions throughout, little practical error 

For moderate falls, the velocity of the water in the cylindrical reserroir shonld not 
eioeed ^th or Jtb of that due to the total fall ; the mean velocity of the water, or D, 
will then b« taken at 1th or Jtb of the velocity due to H, and the diameter will b« 

calcuUted by the fonnuk D- V oTWTu' "^ ''''*^"' '^^^'^^ "^ the wheel 
ismade»boutli'or2*great*rthanth»tof the cylinder, and U again from 070 to 
C '80 of ill own ODtei' diameter. 
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It 18 found that the uBeful effect of turbines la greater in the nine proportum ihal 
the opening of the sluice becomes more equal to the height of the whed, or of the 
apertures of the directing blades. Again, the ratio of the velocity of the exfeerkr cir- 
cumference of the wheel to the speed doe to the height of the fidl, which oorreqmids 
with the maximum effect, increases with the opening of the sluioe, and the more 
rapidly in proportion as the fall is greater. For wheels with an arerage head of from 
10 to 14 feet, and a large supply of water, the velocity of the exterior aurfaoe of the 
turbine will be determined by the number of revolutions, which may vary between the 

limits n = 5*25 Y to n = 7'5 X ; when the fall is between 18 and 26 feet> and the 

B R 

supply small, the formuke become n = 4*50 - to n = 5*50 - ; and from the number 

R R 

thus ascertained the dimensions to be given to the various oommimicatioDS of move- 

ment may easily be calculated. 

9. Horkmial Wheel with Partitions. 

This was the form of turbine proposed by M. Burdin, and it also consisted of two 
parts, the one fixed and the other moveable ; but, instead of placing them ooncentri- 
cally, one was put above the other. The most correct idea of this machine may be 
formed by representing to ourselves a circular basin, the bottom of which is pierced 
by a number of holes or orifices, widened at the top, so as not to diminish the fluid 
vein, and disposed in such a manner as to project the fluid at an angle which is most 
calculated to produce a good effect. 

Immediately below this basin is the wheel : its upper portion forma a shallow cir- 
cular trough ; upon the bottom there is a series of small funnels dose to one another, 
and having below tubes bent in such a manner as to have their upper portion vertical 
and the lower portion horizontal. The water descending from the orifloes of the 
basin falls into the funnel at the bottom of the trough : it passes along the tubes^ 
and acts upon them by its weight and by its centrifugal force. 

The useful effect of these machines is 0*67 P H. 

10. Reaction WheeU, 

These wheels form parts of machines in which the water is contained within the 
mechanism. In leaving it, an effort is exercised, reacting upon those portions oppo- 
site to the discharge orifices, and producing a receding action able to be converted 
into a movement of rotation. 

The useful effect of these wheels is so- small (never exceeding, in fact, 0*65 PH, 
and very rarely attaining that limit), that it will not be worth while to dwell upon 
them longer than is necessary to describe one of the most successful instances of its 
adaptation by Manouri d'Ectot. The water descends a vertical shaft, and passes into 
a series of horizontal arms larger in the middle than at the apertures, and curved to 
the form of an ao_* The water-communicating power is admitted below the wheel 
by a bend terminating at the centre. 

Barker*s Mill, and those constructed after the principles laid down by Euler, by 
Mathon de la Cour, and others, are but modifications of the above. Buler was very 
enthusiastic in his endeavours to introduce this machine ; but in spite of his assertion 
'*that it excelled all other methods of employing the force of water to produce 
motion," its practical value has been far below what we might have been led to 
fxpect. 

Comparison of the different Descriptions of Water-vheels, 
Wheels with straight floats working in a breast fitting closely, and with a sluice 
Howisg ih$ water to fall over its upper edge, produce a useful effect, after deducting 
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the frieiion of the bearings, of about 0*60 to 0*65 of the absolute power of the motive 
stream. Th^y may, without any appreciable difference in their proportional results^ 
move with very different yelocities. They are the description best adapted to fedls of 
from 4 feet to about 8 feet 6 inches in height 

As their radius ought to be at least equal to the height of the fedl, if the latter ex* 
ceed 8. feet 6 inches, they wiU become inconveniently heavy and cumbrous : they will 
also require a perfection of execution not easily attained in new countries or colonies. 
They have, moreover, the more serious inconvenience of not being able to work 
should any back-water exist in the tail bay. 

The undershot wheels with curved floats, on the system of M . Foncelet» yield, as 
we have seen, 0*60 of the total motive power when the fall is about 5 feet and under, 
or 0*50 when that height is exceeded. 

They can work with considerable velocity, which allows ot their making a greater 
number of revolutions than any other system of undershot wheels. Their width, and 
consequently that of the channel and the sluice, are, for an equal force, less than in 
the case of straight wheels. It follows that their construction is more economical, 
their weight less, and their establishment more easy in certain positions than is the 
case with any other undershot wheels. They can be flooded to the depth of their 
shrouds, without materially impairing their useful effect^— -a great advantage in 
countries exposed to inundations. 

An objection, or rather an inconvenience, attached to their use consists in the fact 
that if they be made to revolve at a velocity sensibly different from that of the maxi- 
mum effect^ the water will rebound into the interior of the wheel, and give rise to a 
corresponding loss of power. 

They are particularly adapted to small faXla of about 5 feet and under, possessing » 
great flow of water. 

Bucket-wheels present the same advantage with wheels carrying straight floats 
working in a close breast, of yielding 0*70 of the motive power. They are particularly 
adapted to falls of 10 feet or upwards ; and as they do not require to work in a 
close breast when their buckets are only half-filled, their construction is very 
economical. 

As the water ought generally to pour upon them with a velocity of from 8 to 10 feet 
per second, and the falls are considerable, they are able to apply usefully great motive 
power without requiring an excessive width. In the case of great falls, also, they are 
able to work when the wheel is flooded to a height above the shrouds. 

The breast-wheel is superior to the overshot when the supply of water is variable, 
and, from the fact that its diameter may be made to exceed the total fall, it is the 
most advantageous in cases where the first motion of the machinery is required to be 
considerable. The back-water, in times of flood, has less influence upon this class of 
bucket-wheel than any other : they can therefore work for a longer time, and to a 
much greater depth in back-water. 

The majority of horizontal and reaction wheels have been found to be so practically 
useless, that they have been almost entirely abandoned, with the exception of M. 
Foumeyron*s turbine. The Continental Engineers have a decided predilection for 
this class of machines upon the following grounds, stated by M. Morin, who has very 
closely examined their action. 

They are applicable to any height of £^11, from the least to the greatest hitherto 
employed. M. Fourneyron has himself executed one at Pont sur TOgnon, working 
occasionally with only a head of 9 inches ; he executed another at St. Blasier, in the 
Black Forest, for a fall of 354 feet. 

From 0*70 to 0*75 of the net effective power may be obtained, and the turbines 
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maj rerolve eren at Tcloc hk s difiering videly frm tSui eorrespoBdiBg vHh the 
■aadmiim citlSoct, wxthoot iberebj giTins rite to a notebfe Lmb of power. 

lo additioii, ibey poMos tlie adTantagea of oecopymg a Tcry small ipaee ; tliey can 
be plaeed at almost any poatum where tlie power maj require to be employed ; and, 
as tbey may be made to rerolTe at mach hi^»er Telodtlea than any other deseripdon 
of wheels, they obviate the neeesuty for multipljing gearing in the working 

« 

machinery. 

World cannJled. — Smeaton on the Power of MiUs — ^Treatise on IGUa, by John 
Banks — Practical Essay <m Mill Work, by Bodianan — Fairfaaim on Ventilated Water- 
Wheels — Fairbaim on Mills and Mill Work — Glynn*8 different Papers commnnicated 
to the Institution of Gril Engineers, and to Scientific Jonmals — Beardmore*s Tablea 
— ^Templeton*s Millwright's Assistant, &c. — D'Anboisson's Traits d^Hydianliqne — 
Morin's Aide-M^moire de M6caniqae Practiqne — Clandel's Formules 4 TUsage des 
Ing^nienrs — Belidor and Kayier's Architecture Hydranliqne — Bos8nt*s Recherches 
experimentales snr TEan et le Yent^ — Fabre, Bssai snr la Construction des Roues 
hydrauliques — Poncelet's M^moires sur les Roues hydrauliques 4 Aubes Courbes — 
Coriolis, Calcul de TKffet des Machines — Egen, Untersuchungen iiber den Effeki 
einiger in Rheinland-Westphalcn bestehenden Wasserwerke — Buler's M^moires in 
the Transactions of the Berlin Academy — Bemouilli, Hydrodynamica— Transac* 
tioDs of the Society of Arts — Repertory of Arts, &c. — Transactions ^of the Franklin 
Institution, &c., &c. 

The reader is also referred to the Elementary Treatise on Mills and Mill-work, by 
Mr. Qlynn, forming part of Mr. Weale's Series of Elementary Works, for details with 
respect to the application of the power, the production of which alone has been con« 
sidered above. An examination of the machinery required to effect the Tariooa 
operations of grinding flour, of sawing, spinning, weaving, gunpowder-making, &c., 
would have swelled this article to a very inconvenient extent. 



WELLS.* — The term wells is usually restricted in its application to excavations by 
means of which water is obtained from, or admitted to, strata beneath the surface, 
able to admit of its passage iu cither an upward or a downward direction. In the 
former case, the water is obtained from shallow or from deep-seated sources by what 
ore usually called wells, or from Artesian borings. In the latter case, the foul waters 
of certain industries, or the excess of supply of land springs, in some instances, are 
removed by what are called * dead ' or * absorbing * wells. Strictiy speaking, the 
excavations through which access is obtained to deep-seated mines, or to tunnels, and 
other underground operatioDS, are wells ; bat it is more common to designate them by 
the term shafif reserving that of wells to excavations formed expressly for the purpose 
of obtaining walcr, or for removing that which may be susceptible of becoming a 
nuisance. 

The description of well to be adopted in any particular instance must depend not 
only upon the quantity required, but also, and to a much greater extent, upon the 
geological constitution of the district in which it is proposed to sink it, whether it be 
desired to form a supplying or an absorbing well. It becomes therefore necessary to 
•Ute briefly the general conditions affecting the transmission of waters through under- 
ground strata. 



* By O. R. Uurncll, C.E. 
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srical Most large hydrdgrapLical basins will be found to be bounded by the outcrop of 

ng weUfl. ^^^ strongly-marked geological formation of an older date than the deposits consti- 
tuting the principal portion of the district. In fact, there exists a remarkable eon- 
cordance between the external configuration and the geological structure of a country. 
The bounding ridge circumscribing any particular basin usually assumes a concaye 
form, and is filled in with strata more or less conformable to it, or to one another ; 
and in the majority of cases, the lithological character of the more recent strata 
assumes a considerable degree of regularity in the alternations of the per?ious and 
impervious beds filling in the basin. From the bounding ridge to the outfall there 
exists naturally a general inclination of the surface ; and, if the water-course be 
t ascended in the opposite direction to that of its flow, the successive strata will be 

found to outcrop, over areas dififering in extent according to their thickness and the 
angle of their dip. 

The rain-fall upon a basin of this description will be partially absorbed by the 
vegetation ; partly it will be removed by evaporation ; partly it will run off in the 
water-courses forming the superficial drainage of the districts ; and the remainder will 
penetrate the permeable strata outcropping upon the surface. Of course there must 
be considerable difference in the quantities taken up by any, or either, of these 
agents ; for the circumstances of the rain-fall, so far as regards its more or less equal 
distribution over the year, — the climate, — the more or less level character of the 
country, — will not only affect the volume of the water-courses, but also the evapora- 
tion, and the supply of deep-seated springs. It is, however, usually considered that 
about one-third of the total rain-fall runs away in the superficial water-courses ; one* 
third is returned to the atmosphere by evaporation, or is absorbed by the vegetation ; 
and the remaining third penetrates the ground to supply the deep-seated springs. 

Should the surface of a large extent of country consist of permeable materials, such 
as gravel, sand, and some descriptions of loam, the water soaking into the earth will 
descend through it until it meets with an impermeable stratum. As no hydrostatic 
pressure exists upon it, the springs fed by the water so descending cannot rise above 
the ground, and they are found to follow the laws ^regulating the flow of surface 
waters, excepting in so much as the friction of the materials traversed may servo to 
retard their motion. The greater portion of the water will collect in the lowest part 
of the upholding stratum : if the sides be of equal height, and the dip of the latter 
regular, this will be found to be about in the middle of any depression ; if, on the 
contrary, one side be steeper than the other, the lowest part will be found to be 
nearer the steeper side. No springs of importance will be found at the heads of 
yalleys, but they are usually to be met with at the intersection of secondary valleys 
with the principal one of the formation. As also occurs with surface waters, the 
volume yielded by any underground spring is proportionate to the length of the 
valley supplying it, and the latter is always greatest when the secondary valleys of a 
hydrographical basin form an acute angle with the direction of the main valley. The 
conditions above stated actually exist in the district round London, where the Bagshot 
sand formations, and the graveb and loams formerly called diluvium, repose either 
upon the London clay or upon the chalk. 

If, in the district supposed to be under examination, the strata consist of alter- 
nations of permeable and impermeable materials, and they successively crop out from 
under one another, forming a basin-shaped depression towards the centre, — the water 
fislling ux)on the permeable strata will soak into them and fill the lower portion, if ne 
outlet exist by which it may escape through the stratum upholding it in the other 
parts of its course, or by which it may rise to the surface with greater ease than it 
can continue its underground flow. Generally speaking, in » perfect basin, the 
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Common wells. 



Dimensions. 



latter oondition does not exist ; the lower part of the water-hearing straiam fiiwing 
heneath an impermeahle one, then becomes, as it were, gorged with water, and any 
excess arising from the upper parts is thrown off at the snr&ce by the springs, which 
serve as the overflow for such strata. Should any artificial opening now be made 
through the upper impermeable stratum, a species of inrerted syphon will be formed, 
in which the vertical branch| being at a level usually below that of the longer inclined 
leg, will afford an outlet for the pent-up waters. The waters in the subcretaoeous, in 
acme of the oolitic, and the old and new red sandstones, exist under these conditions 
in England and in France : the tertiary strata in the latter country exhibit these 
phenomena to a greater extent than in our own country, although they may be 
observed both in the London and Hampshire basins. 

When, therefore, it is desired to obtain water from a formation known to be entirely 
superficial, the most fayourable position for the search will be in the lower parts of 
the plain succeeding the intersection of the primary and secondary yalleys. Such 
formations are rarely of great depth ; and as the hydrostatic pressure upon the under- 
ground stream is very small, if large supplies be required, it will be necessary to form 
a species of reserroir to store the water flowing during the intervals of its withdrawal. 
For small depths it is more economical to sink a well than it is to bore ; and as the 
size of the well usually enables it to perform the function of a reservoir, we find that 
water is almost always obtained from such superficial deposits by wells. 

The svpply derivable from these sources is rarely of a sufiiciently copious nature to 
satisfy the wants of a closely agglomerated population, and should the latter exist in 
the localities where it is required to obtaiu water, it will almost always be found that 
the percolation of the drainage and sewage waters will affect the qualities of that 
which would, in such positions, find its way into the wells. Under these drcum- 
stances it may frequently bo found advisable to obtain a supply from the water- 
bearing strata underlying the impervious superficial deposits, or even when more than 
one water-bearing stratum exists, to resort to a lower one, rather than to a source 
nearer the surface possessing any particular chemical nature. The water in such 
underground sheets, being subject to a pressure equal to that of a column of water 
whose height corresponds with the difference of lerel l)etwecn the outcrop and the point 
where the opening is formed through the retentive upper strata, minus of course the 
loss of head arising from the friction in its traject, is able to flow into the aperture with 
a rapidity equal to that at which it is withdrawn. A much smaller excayation will then 
suflice to insure a constant supply, because in fact the lower water-bearing stratum 
constitutes a natural reservoir. It is in such cases that it is found advisable to resort 
to boring, or the formation of what really is a descending tube, whether lined, or not, 
with pipes, of a diameter sufficient to discharge the quantity of water required. 
From the circumstance that wells of this description were first employed in modem 
Burope in the province of Artois, they have acquired the name of Artesian Wells. 

In the formation of common wells, the subjects to be considered are — firstly, the 
diameter and the depth to be given ; secondly, the manner in which the sides are to 
be consolidated ; and thirdly, the mode to be employed in raising the water. 

1. From what has been already stated, it must be evident that the two first 
considerations, with respect to the diameter and the depth of the well, are not 
susceptible of any absolute d priori mode of determination. Local circumstances will 
cause them to vary in almost every case, not only because the water-bearing stratum 
itself is of a different nature, but also because the rate of consumption from the well 
differs in each of them. A careful examination of the wells already executed, or a 
oomprehcnsivc geological survey of the surrounding district, are necessary before 
eommendng such works. But it must always be borne in mind, that invaluable at 
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Are the indieationfl of theoretical geology in this as in all other hmnches of engineer- 
ing, the indnctiona deriyed from it require to be verified by actnal experiment. In 
the ease of nnderground waters, for instance, if any interruption of the regularity of 
the substratum occur, either from a fissure or from an irregularity of form in the 
outline of the basin, such as often exists without any external indication, we are 
exposed to find that the conditions of the lower part of the stratum from which we 
expected to derive a supply of water may be very different from those we might have 
been entitled, h priorif to expect. The first attempts to derive water from any 
formation must therefore be always exposed to a certain amount of risk. The differ- 
ent results obtained in the Paris and Brighton Artesian Wells from those obtained at 
Highgate, Harwich, Cakis, &c., may be cited as illustrations of the uncertainty 
attending this class of operations. 

Should any wells exist, the dimensions to be given to a new one to be formed in 
any locality will be ascertained by observing the height of the water-line in them at 
the different seasons of the year, and the rate of supply must be ascertained by observ- 
ing the extent and manner in, and the level to, which the water may be lowered by 
pumping. In some cases also it may be necessary to ascertain the area of what may 
be ealled the contributing ground, in order to form a correct opinion as to the 
capabilities of the source of supply to meet any other demands which may arise. In 
no country in Europe does any legislation exist by which a right of property can arise 
with respect to the flow of underground waters. It is therefore possible that the 
supply may be cut off from a well entirely, or at least considerably diminished, by the 
execution of similar works in the immediate vicinity. Before founding any establish* 
ment depending upon its supply of water from such nnderground streams, it there- 
fore becomes essentially necessary to ascertain all the circumstances affecting the 
latter. 

When the extent to which it is possible to lower the water-line shall have been 
ascertained, the depth to be given to the well, and the position to be ascribed to the 
bottom of the rising main of the pump, will be fixed so that the latter shall always be 
below the surface of the water in the well, and that a sufiicient quantity of water may 
exiit under it to maintain the efficient action of the pumps. A depth of from 4 to 6 
feet below the line of permanent depression will be sufficient for all ordinary 
purposes ; a diameter of about 4 feet in the clear of the finished work will also be all 
that is required for domestic or small trade uses. 

2. The manner in which the sides of a well are to be lined, or as it is commonly 
called tieined, will depend equally on the nature of the strata to be traversed. The 
objects proposed to be effected by such works are to prevent the incoherent materials 
of the sides from falling into the well, and to exclude occasionally such land waters as 
may be likely to contaminate those furnished by the lower stratum. In stiff day, 
gravel, or chalk of great consistency, a thickness of half a brick will usually suffice for 
the steining, and in many cases it may be even executed without mortar. The thick- 
ness will naturally be increased if the strata are more exposed to slip, or if land 
springs are to be excluded : in the latter case it becomes necessary that the materials 
employed should be of a nature to resist permeation through their substance. 
Brickwork in cement of considerable thickness, and cast or wrought iron curbs, are 
frequently employed in such cases. 

The steining, of whatever materials it be constructed, is put together or built upon 
a bottom curb made with a cutting edge, and the ground is excavated from beneath this 
curb equally all round. The curb then descends by its own weight, and ia retained 
in its vertical position by means of guides ; the brickwork is added from the top^ 
and this operation is continned until the curb will sink no longer, owing to tlM 
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Bwelling of the gronnd : a new curl) and new excavation are then begun, smaller than 
the last. In modem practice, when the ground is of a nature to maintain the already 
executed steining by its friction against the sides, or where there exist means of 
suspending the steining, it is usual to add the brickwork under the portions 
previously executed. It is impossible, however, to lay down any absolute rule for 
the execution of such works ; the judgment of the engineer will suggest the modifi- 
cations required to meet any local peculiarity or difficulty, either arising from the 
configuration of a district, or from considerations of economy in the execution. 

3. The means to be employed in raising the water will depend upon the depth of 
the well, and the extent of the demand, as also to a great extent upon the relative 
positions of the place where the water is to be used, and of the well. For ordinary 
purposes, buckets or hand-pumps will suffice. "When large quantities are required, 
some of the modifications of water-raising machinery, already noticed in the article 
upon * Water Meadows, ' must be resorted to. 

Should further information on this subject be required, the reader is referred to 
Weale^s * Elementary Treatise on Well-Digging and Boring.* 
Artesian \rell8. ^^ the construction of Artesian wells, the preliminary investigations require to be 
of a much more elaborate natare than those necessary before commencing an ordi- 
nary well, not only because the source of supply is found to exist at a greater distance, 
but also because the uncertain element of the underground disturbances assumes a 
much greater importance ; aud this is more particularly true when an attempt is made 
for the first time to reach a new source of supply. It is necessary to ascertain the 
relative heights of the outcrop of the water-bearing stratum, and its nearest overflow, 
with respect to the position of the proposed well, in order to arrive at some condu' 
sion as to the probable height of ascension of the water when it shall have been 
reached. It is also necesary to ascertain the surface of the outcrop and the thickness of 
the water-bearing stratum in its passage beneath the retentive upper stratum, for upon 
these conditions will depend the capacity of the former to yield a constant supply. 
The existence of any fault or dislocation of the strata must also be carefully sought 
for, because, should such exist, either the water contained in the i)ermeable stratum 
may find a more ready oatlet to a lower level, or its circulation may be cut off from 
the particular part of the basin where it is proposed to place the well. 

In the tertiary strata, the conditions requisite to insure the success of an Artesian 
well are more likely to be met with than in the secondary formations. (Generally 
speaking, the tertiary strata are composed towards their base of sandy permeable ma- 
terials, covered by impermeable clays or compact limestones, that is to say, of precisely 
the materials required to maintain a continuous flow of water, in case the upper mem- 
ber of the series be traversed. They are also less fi-equently interrupted by disturb- 
ances of the strata able to modify the subterranean hydrography, for there do not 
appear to have occurred any great geological cataclasms subsequently to their depo- 
sition. Their circumscribed areas also render it more easy to calculate the influence 
of the different phenomena affecting the flow of water within them. 

In nearly all formations, however, the general law prevails by which the base is 
constituted of a series of sandy permeable deposits, marking the epoch of change from 
one geological condition of the globe to that immediately succeeding it ; and these 
permeable deposits are covered by others of a totally different character. It almost 
always happens also, that the outcrop of the permeable strata occurs at an elevation 
superior to that of the x>osition in which it is usually required to bore for water. In 
many cases also, compact limestones acquire the faculty of transmitting a subterra- 
> nean current, either from their being traversed by great clefts, or from their being 

fissured in every direction. The chalk formation, perhaps, off<;rs the most striking 
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ilUistratioii of thiB eonditioii, and it is principally from BncH fissures that the wells id 
the Artois derire their supply ; but it is frequently to be met with in the lower secon- 
dary formations, particularly in the carboniferous series. 

Of the Artesian wells already executed, the most numerous are those to be found 
in the basins of London, of Paris, of Modena, in the secondary formations of Tours and 
Rouen, and the whole of the Artois, and of Upper Normandy, in the greensnnd below 
the chalk of Nancy, in the marls of the new red sandstones, and of Derbyshire 
and Lancashire in the same series of deposits. 

If we cannot predicate with certainty in what formations water will be found by 
means of an Artesian well, this much is known, that the primary and transition, 
or metamorphic, rocks are never likely to exist under the conditions requisite to 
insure its success. In them the subterranean currents can only permeate along the 
lines of cracks or fissures whose direction is sufficiently capricious to defy calcula* 
tions. Again, in sedimentary deposits much affected by geological disturbances, or 
in elevated districts which are not surrounded by the outcrops of a permeable stratum 
at a higher level, and passing beneath those to be operated upon, there can hardly be 
said to exist any reasonable prospect of success. It is only in regularly stratified depo- 
sits which have not been subsequently disturbed there can be said to exist any 
certainty of obtaining a supply by the formation of an Artesian well. As will be 
shewn hereafter, the same theoretical reasoning upon the geology of a particular 
district applies equally to Absorbing Wells. 

Where many Artesian wells are sunk in the same formation, there results a diminu- 
tion in the rate of supply, which may seriously affect their value ; so much so, in fac^ 
as to render it doubtful whether some legislative interference be not required to main- 
tain the rights of the parties first applying the water obtained, at what must always 
be a considerable risk and a great outlay. The diminution of the supply from the 
original Artesian wells round London, from those of Tours, and from those near 
Modena, owing to the unlimited formation of other wells, is a matter of public 
notoriety. 

In sinking an Artesian well, the first operation consists in forming an ordinary well 
to a depth to be regulated by the yield of the water-bearing stratum and the probable 
demand ; at the bottom a guide-pipe, able to admit the largest tools to be used in 
the boring, is to be fixed carefully in a vertical position, and above this, at the highest 
point to which the water can rise, is to be placed the stage upon which the rods or 
other implements are to be put together. The sheer legs or frame supporting the 
boring tools, are placed immediately over the guide-pipe, care being taken that there 
be sufficient height to allow of the easy withdrawal of the rods composing the toolpy 
—these are usually made from 10 to 20 feet in length. Beyond the sheer legs are 
placed the crab or hoisting machinery, and the appliances by means of which the 
percussive action is communicated to the different tools. The latter necessarily differ 
according to the nature of the strata to be traversed, and it is found that every 
contractor modifies them according to his own ideas, and according to the description 
of power he may employ. However these details may be modified, the operations 
required to be performed at the upper level will still remain the same ; and they will 
consist in lowering the rods, turning the augers in soft strata, impressing a percussive 
motion in harder ones, and withdrawing the loaded tools or buckets. To effect these 
objects satisfactorily, will require great skill and attention, so as at the same time to 
secure the greatest economy and despatch. Indeed there are few branches of engi. 
neering practice which require so much empirical knowledge as the boring of Artesian 
wells, or in which so much depends upon the skill of the contractor. By far the best 
work existing upon the subject was written by one of those geiittemen, M. Degonss^ 
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and it would be Impossible to refer the reader to any work more likely to convey 
useful and practical information upon the subject than his ' Traitd de TArt des 
Bondages.' M. Kind, a German Engineer of great ability, has, it may be added, 
introduced some modifications of the boring tools by means of which he is able to 
execute with great rapidity, and at a small cost, deep borings of large diameter. 

In consequence of the improvements introduced of late years into the execution of 
Artesian wells, they can now be carried to depths varying from 1200 to 1600 feet with 
tolerable facility. The diameter of the bore, and the greater or lesser degree of 
hardness of the rock, will, however, affect the rate of its progress, and consequently 
its price. In proportion, also, as we descend, the difficulties, and the time attending 
the separate operations, and the increasing danger of a rupture of the tools, tend to 
increase the cost ; and, moreover, the time employed in lowering the tubes, and 
the precautions to be observed in traversing any running sands, augment as the 
depth increases. 

A very important observation is to be made with respect to Artesian wells, namely, 
that the temperature of the waters they are likely to yield will be found to be 
regulated by the depth of the water-bearing stratum. The law of the increase of 
temperature in descending below the surface varies in almost every district. Thus, 
in Scotland, the mean rate of increase has been ascertained in the carboniferous 
series to be about l"" Fahrenheit for every 48 feet in depth, after passing the point of 
uniform temperature. At Rouen, in the chalk formation, it was found in one instance 
to be 1*8 for every 67 feet 4 inches, and 1'8 for every 100 feet in another ; whilst at 
Paris it was carefully ascertained to be about 1 *8 for every 106 feet of vertical 
descent. In the well at the latter town the temperature of the water was found to 
be very nearly that which would be indicated by a theoretical calculation ; for the 
latter would have led to the conclusion that it should rise to the surfeice with a tem- 
perature of about 81° 96' ; and, in fact, it rises at the temperature of 81' 81' firom a 
depth of not less than 1802 feet English. 

The practical details connected with the execution of Artesian wells are treated of 
in the ' Elementary Treatise on Well -Digging and Coring * already alluded to. 
Absorbing wcUs. In many positions in our own country the practice of sinking dead wells for the 
purpose of carrying off the waste waters of certain factories exists very commonly. 
They are, however, limited to excavations in the superficial strata, and are really 
nothing but shallow wells acting in an opposite direction to ordinary ones. This 
branch of engineering has escaped the notice of the legislature, like so many others 
connected with wells, and there does not appear to exist any law in England to prevent 
the evacuation of the foulest waters by means of dead wells, even when others for the 
supply of water for household purposes may exist in their immediate vicinity, and be 
fed by the same stratum. It is more than probable that the contamination of the 
shallow wells observed in most large towns, on the Continent equally as in England, 
may be attributed to some such action, which must operate with a rapidity and an 
intensity proportionate to the quantities of water in the well and in the basin receiving 
them. 

It appears, however, that the injurious effect of dead wells does not spread to any 
great distance, for a work of tliat description executed at the Hospital at Bicdtre, by 
means of which the foul waters of an establishment able to accommodate 4000 men 
were made to descend to a subterranean stream, did not affect the ordinary welU 
supplied by that stream, unless it were during very heavy storms, at a distance of 
from 500 to 700 yards. In the case of absorbing wells by borings, the remarkable 
Moensional power of the water also seems to be a guarantee against its being oon- 
faminated by any fou^ waters let down from above. The danger would also, in all 
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probability, be less if they were znade to descend to a fonnation so absorbent and at 
tbe same time so shattered as the chalk, i>artlcularly in its tipper members. In some 
localities wells are almost unknown, so that there may be occasions in which it 
would be advisable to adopt this means of reboving foul waters, even should the 
use of dead wells be attended with serious injury to the public health in other 
positions. 

It has been ascertained by direct experiment that any description of well can 
absorb as much water as it is able to produce. Thus, if a boring should yield 50 
gallons per minute, and its ascensional power cease at a yard from the ground, if the 
tube be prolonged for a second yard, 50 gallons per minute may be poured into the 
tube without the waters flowing over the orifice. 

K a boring yield 50 gallons per minute, and it be desired to make it absorb 500 
gallons in the same time, a pump able to remove the latter quantity is to be set in 
action, and notice to be taken of the extent to which it can lower tbe water-line. 
Should it be about 30 feet, for instance, it will be sufficient to lengthen the tube of 
the bore to a height of 80 feet above the natural water-line, and the quantity of 500 
gallons may be x)oured in. Of course, if the water do not rise in the bore to the 
surface, the absorption will be more rapid. 

Absorbing wells may be either formed in the same manner as ordinary shallow 
wells or by Artesian borings. In either case it is advisable to exclude surface or land 
waters from them, and they should therefore be close-steined or piped. Precautions 
require to be taken to clarify the waters as completely as possible by deposition or 
filtration ; in fact, the solid matters in suspension must be removed, or the absorbing 
iaces will become rapidly choked. It is easy to effect this object by forming a 
reservoir to receive the waters to be evacuated, and by carrying the end of the pipe 
some height above the bottom ; the deposit in the reservoir must be removed before 
it can reach the level of the entrance of the descending pipe, and it would certainly 
be preferable were the latter covered by a grating, or cap, able to retain the grosser 
particles. Should the absorbing surfaces become choked, it is easy to renew them 
by excavation or by the use of a boring auger with a boll-clack. But however well 
the operation of cleansing the absorbing faces may be performed, the useful action is 
never equal to that which originally took place ; and it is therefore impossible to 
dwell too forcibly on the necessity for observing the greatest precautions in preventing 
the descent of any solid matters. 

One of the most useful applications of absorbing wells would be for the purpose of 
draining clay lands, when the clay is of moderate thickness, and it lies immediately 
upon a permeable substratum. The boulder clay of Norfolk and Suffolk, reposing 
upon the chalk, may be cited as an instance of the description of formation adapted 
to the application of this method. In many cases it will be found more economical to 
sink an absorbing well, or even to make a succession of small borings, than to execute 
a great and expensive outiall-drain. 

Generally, unless the spring supplying a well be of a nature to maintain a constant 
flow and interchange of its water, it must always be borne in mind that the latter is 
to a great extent stagnant. Its qualities must, therefore, participate of those of all 
stagnant waters, and as such be more or less objectionable on account of its want of 
aeration, and the partial decomposition which must affect them. An equally important 
observation is, that well-water is exposed to take up the soluble salts contained in the 
materials it traverses. It is indispensable, then, that only such materials be employed 
as are not likely to furnish any injurious salts ; that, in fact, as was observed in the 
article upon the ' Water Supply,* silicions stones, or hard-burnt bricks, or iron tubes, 
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should be used in preference to sncli stones tm would be likely to gire forth the 
snlpluites or carbonates of lime. 

The reader is referred, for farther information upon the whole subject of weDS) to 
Hr. J. Prestwich on the Water-bearing Strata of London, ke., — ^Mr. Clatterbaek and 
Mr. Dickinson's Papers on the Water Supply of London, — ^Mr. Stephenaon^s and Mr. 
Homersham*s Reports on the Watford Spring Water Company, &c., — to the different 
Beports on the Metropolitan Water Supply and the Health of Towns, — Amedie 
Burafs Geologic appliqn^ — Degouss^, Guide dn Sondeur, — the detached Papers by 
K. D'Archiac and the Abb^ Paramelle, MM. Hericaut de Thnry, Gamier, and Bmery, 
— Les Annales des Mines, — Nieues Jahrbuch fiir Mineralogie und G^eognorie. A long 
Reiwrt upon Absorbing Wells, by MM. Girard and Parent Duchatel, will be found 
in the Annales des Ponts et Chauss^es for 1835. 



Z. 

ZIG-ZAG. — An insignificant term in itself, but important in si^e operations; 

zig-zag being the principle on which the 
attack of places is based ; and this mode 
of approach had long been in use in a rude 
way, until perfected by Yauban. 

Zig-zag is not only the proper course 
by which to adyance in sieges, but it is 
the method of connecting the parallels 
and places of arms, and finally arriTing 
at the close of the attack or breaching 
batteries, and the work is usually 
effected by Sap. 

The object of making zig-zag a special 
subject for the * Aidc-M6moire ' is to 
suggest the application of this mode of 
advancing to irregular attacks of posts, 
barriers, and stockades, and thus saving 
many valuable lives, with the loss of a 
very little time ; and by taking ad- 
vantage of some hollow or natural cover, 
or of some adjacent building, a few 
Sappers could run a zig-zag up to the 
work in two or three hours, under the 
protection of musketry-fire, and finally place a quantity of gunpowder for forcing the 
gate or barrier, or the destruction of a stockade or other slight defence, such as savages 
or insurgent inhabitants throw up on the spur of the moment. 
The following example will shew how this idea may be applied : 
Supposing it desirable to force a work a, an approach may be commenced from the 
hollow n, and a zig-zag carried up to tho entrance d, forming a short line of Sap, 
V. 1), where n quantity of powder could Ije fixed at the point n, which would on the 
ox plosion enable tho attacking party to rush from the hollow, and, taking advantage 
of tijo cunfu«ion, carry the work, — G. G. L. 
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American Railways, iii. 247 
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Bridges, Temporary, iii. 36 
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, Brick, iii. 68 

, Draw, iii. 75 
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, Suspension, iii. 77 
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, Scott's, ii. 342 

Centre of bridges, iiL 52 

— — of o6(^Qation, iii. 89, 90 

Charge of tr(i)pB^ ilL 603 

3 r 



794 



INDEX. 



Charges for mines, ii. 379 
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Circle, Moral, ii. 470 

, Repeating, ii. 472 

Cleavage, ii. 110 

Coast Defences, i. 55, 285 
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Cologne Works, ii. 53 

Combustion, i. 226 
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Compass, i. 231 
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, Electric, iii. 638 
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Railways, iii. 205 

Roads, iii. 351 
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Cretaceous period, ii. ICO 
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Curves of Railways, iii. 206 
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for Reservoirs, iii. 302 
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Fortresses, i. 259 
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■ Villages, i. 244 

Defensible Guard-house, ii. 194 
Defensive Elements, i. 251 
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Detached Forts, iL 80 
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Shutters, iii. 396 

Engine Drivers, iiL 535 

, Locomotive, iii. 485 

, Steam, iii. 424 

Engineer, Civil, i, 419 

Equipment, iii. 410 

, Military, L 406 

Eocene, iL 164 
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, Engineer, iii. 410 
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, American, i. 473 
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Escalade, i. 485 
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Field Fortification, ii. 1 

Fortresses, ii. 29 
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Field Telcpapb, iii. 620 
Fire^ Vertieal, i, 535 

Annihilator, i. 540 

Cart, L 542 

Fire-man for Steam Engine, iii. 537 

Forage, L 548 

Ford, i. 543 

Fort, Permanent, il SO 

Fortification, Field, ii. 1 

, Permanent, ii. 31, 84 

f Systems of, ii. 37 

FortrcM, Field, ii. 29 

ForU, Detached, ii. SO 
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French System, ii. 89 
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490 
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Gabion, iL 70 
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Heat, Distribution of, ii. 263 
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Horse, Artillery, iL 281 

-, equipment of, L 427 
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Horses, age of, ii. 272 
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f grooming, iL 277 

, powers of, ii. 287 ; iii. 265 

, qualities of, iL 271 
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Hurdle, ii. 289 
Hut, Log, iL 294 
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Hygrometer, ii. 355 
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Igneous rocks, ii. 177 
India, Siege Operations in, iii. 396 
India-rubber Pontoons, iii. 41 
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Inland Navigation, iii. 258 
Insulators, iii. 647 
Intrenched Camp, i. 205 

Village, Defence of, i, 244 
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Iron, ii. 96, 145 
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. Ordnance, i. 60 

, Casting of, ii. 656 - 
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Irregular Sieges, iii. 409 
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Kyanizing, iL 314 
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170 
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Labour, Military, i. 80 
Ladders, Escalading, L 485 
Landing of troops, i. 350 
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, Penetration of, iii. 103, 
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Levelling, iL 317 
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, Railway, ii. 882 

Lias, ii. 156 

lieutenant-General of the Ordnance, iL 

582 
Idght Balls, iii. 175 

Dragoon, ii. 271 

Lightning Condnctors, i. 886 

Protectors, iii. 685 

Lime, Burning of, iL 839 
Limeatone, i. 145, 153, 888 
Lines of Lisbon, iL 20 
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Locks for Canals, iii. 309 

Biyer Navigation, ilL 288 



-, Demolition of, i. 822 
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Locomotive Engine, iii. 237, 485, 554 

Power, CJost of, iiL 243 

Logistics, i. 29 

Loophole, iL 801* 

'Lord of the Isles* steam engine, iii. 547 

Macadamised Roads, iii. 857 
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Military Bridges, L 177 
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^ Secretary, iiL.il3 
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, Tamping of, iL 883 

r for breaching, ii. 405 

Mining, Military, iL 861 

operations for attack of fortress, 

iL 897 
— — operations for defence of finrtreas, 

L 282 
Modem system of fortification, iL 48 
Montalembert's System, iL 44 
Mooltan, Siege o^ iiL 899 
Morsels Alphabet, iiL 662 
Mortar Platforms, L 146 . 
Mortars, Value of, at a siege, L 171 
Mountain Artilleiy, i. 50 ; iL 425 

Barometer, ii. 486 
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Movements of a battalion, i. 502 
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Mule, iL 441 

Musket, ii. 442 

Musket-ball cartridge equipment, L 482 
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107 
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New Red Sandstone^ iL 155 

Observation Sector, iii. 536 
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, Magnetical, ii. 510 

, Portable, ii. 472, 4S8 
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Operations, Defensive, L 18 

, Offensive, L 8 

Ordnance, L 44 ; ii. 544 

~ f Construction of brass, ii. 553, 
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, Iron, 556 

Department, ii. 582 

, Master-General of, iL 582 

Organic Formations, ii. 175 

Remains, iL 118 

Organisation of Ordnance Survey, iiL 507 

Pah, iL 587 
Palaeontology, iL 1 
Palanques, ii. 589 
Palisades, ii. 26 ; iiL 81 
Parabolic Theory, ii. 226 
Parallel, first, i. 86 

', second, i. 94 

, third, L 98 

Parapet, ii. 18, iii. 33 
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Pasfla^ of RiTen, ill. 83 

Pendulam, iii 81 

-, BalliBtie, m. 87, 156 
-, Ck>mpeDaatioD, iiL 86 



— f Electro ballistic, iiL 158 
— , Qroluun'B Mercurial, iii. 86 
— , HarnBon's CMdiroo, iii. SQ 
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Penetration of Projectiles, iiL 93 

of Armstrong guns, iiL 107 

Permanent Fort, iL 30 

— — Fortification, ii. 31 

• Oren, ii. 685 

Petard, iii. 108 

Potrifiiction, or organic remains, ii. 11 8 

Pierriers, or Stone Mortan^ i. 97 

Piers of Bridges, ilL 50 

PUe Bridge, L 192 

Pipes for conveying water, iiL 752 

Pis^ huts, iL 297 

Platform, Alderson's, L 146 

f cast-iron Traversing, L 290 

f Madzas, L 146 

Platforms, Field, ii. 26 
Platinum, ii. 146 
Pliocene Formation, iL 165 
Plutonic Bocks, u. 142 
Points of BaUways, iiL 228 
Pontoon, iiL 135 

bridge, L 178 

, Blanshard^s, i. 178 

, Canvas, ii. 137 

>, India-rubber, iii. 41 



Porphyry, iL 143, 179 
Portable Observatory, iL 473 
Portfires, iiL 181 
Position, Artillery of, i. 52 

» MiUtary, L 25, iiL 137 

• ' of batteries at a siege, i. 93 

Positions, retrenched, iiL 138 
Posts, attacked L 101 
Powers of the horse, ii. 264 
Precautions, defensive, L 283, 287 

— agunst fire, L 587 

Principles of attack of fortresses, L 75 
Prisons, Military, iii. 142 
Projectiles, Theory of, iii. 153 
Provisions for a Siege, L 261, 28 Q 
Prussian System, ii. 48 
Puddling of Canals, iiL 298 
Pumps, iii. 722 

, Air, i. 365 

Pyrotechny, Military, iii. 170 
Pyroxyle, iL 206 

Qualifications of engine drivers, &o. , iii. 

535 
Quarry, iiL 195 
Quatemaiy Formations, ii. 1 68 

Baft Bridge, i. 192 
Bailroad, iu. 201 

gauge, iii. 203. 

Bailway levelling, iL 332 



Railway ngnal, iii. 282 

traffic, iiL 246 

Carriages, Waggons, &e., iii. 233 

Points and Switches^ Tum-tables,. 

&c., iiL 228 

, Strength of iron for, iii. 220 

Bailway American, ilL 247 
Beconnoitring, iii. 250 
Bed Sandstone, iL 149, 155 
Bedoubts, iL 8, 21 
Belays, electric, iii. 677 
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